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PEEFACE. 


I  WAS  one  of  the  Science  Teacters  selected  in  1872  to 
attend'  a  course  of  laboratory  instruction  at  South  Ken- 
sington. One  of  our  duties  was  to  take  notes  of  lectures 
delivered  by  Professor  Frankland,  which  were  subsequently 
examined  by  his  assistant,  and  returned  to  us.  Since  then 
my  report  of  these  Lectures  has  been  so  well  worn  by 
borrowers,  and  I  have  been  so  frequently  consulted  by 
other  teachers  on  matters  comprised  within  the  limits  of 
the  'Elementary  Stage'  of  Subject  X.,  that  it  appeared 
desirable  to  put  my  notes  in  a  permanent  form.  This,  by 
the  kind  permission  of  Dr.  Frankland,  is  now  done,  and 
I  trust  my  fellow  teachers  will  find  the  work  as  useful 
as  I  have  been  led  to  expect.  My  thanks  are  also  due 
to  Professor  Bloxam  for  permission  to  use  a  number  of 
engravings  from  his  valuable  text-book  of  Chemistry. 

G.  C. 

BlEKBECK  LiTEBARY  AND  SCIENTIFIC  INSTITUTION: 

May,  1875. 
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LECTURE  I. 

There  are  usually  two  defects  noticeable  in  tlie  answers 
sent  up  at  the  May  Examinations  of  the  Department  of 
Science  and  Art,  chiefly  in  the  elementary  stage.  First,  the 
pupils'  evident  ignorance  of  experimental  illustrations  ;  they 
have  heard  descriptions  of  experiments,  but  have  not  seen 
them  performed.  Secondly,  a  want  of  ability  to  express 
their  thoughts  in  writing.  The  present  course  of  lectures 
to  science-teachers  is  intended  to  contribute  towards  the 
remedy  of  the  first  of  these  defects,  by  giving  hints  on  the 
experimental  illustrations  to  be  used  in  teaching. 

It  is  of  the  highest  importance  in  teaching  to  exercise 
and  develop  the  faculty  of  Observation  in  our  pupils.  Most 
great  discoveries  have  been  the  result  of  dihgent  and  long- 
continued  observation,  as  the  history  of  science  amply 
shows.  Yet  of  all  the  faculties  of  the  mind  this  is  the  most 
persistently  neglected  in  ordinary  schemes  of  education. 
Our  scholars  are  told  what  other  people  have  observed,  but 
they  are  not  taught  to  observe  for  themselves.  In  the 
teaching  of  science  this  ought  not  to  be  ;  and  students  ought 
to  be  shown  what  to  look  for,  and  required  to  make  their 
own  observations. 

The  experiments  necessary  to  illustrate  the  instruction 
for  the  first  stage  of  the  elementary  examination  in  chemistry 
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should  begin  with  such  as  exemplify  the  action  of  different 
forces.   Familiar  instances  should  be  quoted.    Of  Eeai  cases 
are  common  enough.    Goliesion  may  be  shown  by  the  ad- 
hesion of  the  surfaces  of  two  pieces  of  plate-glass,  very  clean 
and  smooth:  they  can  be  slid  upon  one  another,  and  the  lower 
may  be  lifted  by  the  upper  one.    The  action  of  the  Electric 
force  may  be  illustrated  by  an  excited  stick  of  sealmg-wax 
or  <rlass  rod  and  pieces  of  paper.    Magnetic  force  is  exempli- 
fied by  an  ordinary  magnet.    It  should  be  pointed  out  that 
the  action  of  these  forces  upon  matter  does  not  modify  the 
latter  in  any  way,  or  leave  any  permanent  effect  upon  it, 
as  far  as  its  ordinary  properties  are  concerned.  Hlustrate 
this  by  the  action  of  the  voltaic  current  (five  or  six  cells) 
npon  a  spiral  of  platinum  wii-e.    Cohesion  and  gravity  act 
upon  it  •  gradually  increasing  heat,  leading  to  a  radiation 
of  light' and  a  current  of  electricity  are  all  influencing  the 
wire  at  one  and  the  same  time.    But  when  the  action  of  the 
last  three  forces  is  stopped  the  original  properties  of  the 
wire  are  not  in  the  least  altered. 

Now  illustrate  the  transforming  nature  of  the  Chemical 
Force  by  burning  magnesium  ribbon  or  wire  (1).*  Wire  is 
best  simply  on  account  of  its  resemblance  m  form  to  the 
platinum  in  the  previous  experiment.  Show  that  magnesium 
resembles  platinum  in  certain  of  its  properties,  such  as 
lustre  and  tenacity.  Then  cause  heat  to  act  ^Von^t^n  air, 
holding  it  in  a  pair  of  tongs,  at  an  angle  of  about  46  ,  so  as 
to  keep  it  burning,  and  over  a  piece  of  blackened  paper  to 
receive  the  product  of  combustion.  Contrast  the  result  of 
heating  magnesium  with  that  of  heating  platinum.  One 
metal  is  utterly  transformed,  the  other  is  not  at  al  modified. 

Next  show  further  this  change  of  state,  as  of  liquids  into 
solids  Take  a  saturated  solution  of  calcic  chloride,  mixed 
with  an  equal  bulk  of  water.  Add  to  it  all  at  once,  an 
equal  quantity  of  dilute  sulphuric  acid  (1  to  4),  and  shake 
*  These  heavy  figures  refer  to  the  list  of  experiments  given  in  the 
Appendix. 
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Fig.  1. 


gently  (2).  A  sulphate  of  lime  is  formed,  which  '  sets,'  so 
that  it  will  not  fall  out  when  the  vessel  containing  it  is  in- 
verted.   Illustrate  the  change  of 
gases  into  solids  by  placing  mouth 
to  mouth  two  jars  (fig.  1),  one 
containing  ammonia  gas,  and  the 
other    hydrochloric    acid  gas, 
placing  t^he  lighter  gas  (ammo- 
nia) uppermost,  and  then  invert- 
ing.   Flakes  of  solid  sal-ammo- 
niac settle  down  in  the  lower  jar. 
Of  the  change  of  solids  into  gases 
ordinary  gun-cotton   is  a  very 
good  illustration :  explode  it  with  a  hot  wire.  Gho.nges 
of  colour  are  not  only  very  good  bnt  very  attractive  illus- 
trations.  Make  magenta  before  your  class.    Put  a  pinch  of 
powdered  corrosive  sublimate  in  a  test-tube  and  moisten  it 
with  aniline,  so  as  to  make  a  thick  paste,  an  excess  of  aniline 
being  avoided.    This  mixture  must  be  gradually  heated, 
and  the  development  of  colour  may  be  observed.    It  is  too 
intense  to  show  well  unless  diluted  with  alcohol.  If  allowed 
to  cool  the  magenta  may  be  dissolved  out  with  methylated 
spirit ;  if  time  presses  the  hot  test-tube  may  be  dipped  into 
a  test-glass  containing  methylated  spirit.     This  fractures 
the  tube,  and  some  of  the  colouring  matter  is  dissolved  out. 
Contrast  the  splendid  colour  of  the  magenta  with  the  dull 
colour  or  no-colour  of  the  aniline  from  which  it  has  been 
produced.  ' 

The  jjowife  of  difference  between  the  action  of  the  chemical 
force  and  of  other  forces  should  be  exemplified.  Most  other 
forces  act  at  appreciable  distances.  Heat. — Place  a  piece 
of  freshly-cut  phosphorus  on  a  tile ;  support  over  it  ou  a 
brick,  at  about  three  inches'  distance,  the  red-hot  end  of  a 
poker:  the  phosphorus  ignites  (3).  The  burning  phos- 
phorus should  be  covered  by  a  bell-jar  or  inverted  beaker,  to 
prevent  annoyance  from  the  fumes.    ElectriciUj .—A  glass 
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rod  excited  by  friction  with  silk  and  amalgam,  will  attract 
a  suspended  rod  of  liglit  wood  or  long  thin  cyhnder  of 

paper  (4).  ,      i      •  i 

In  contrast  with  these  facts,  show  that  the  chemical 
force  will  only  act  at  inappreciahle  distances.    A  mixture  of 
finely  powdered  loaf-sugar  (1  pt.)  and  potassic  chlorate 
(9  pts  )  will  ignite  on  actual  contact  with  a  glass  rod  dipped 
in  strong  sulphuric  acid,  but  not  so  long  as  any  measur- 
able  distance  intervenes  between  the  acid  and  the  mixture 
(5)    The  state  of  liquidity,  as  tending  to  promote  mobility 
of  particles,  is  extremely  favourable  to  chemical  action. 
This  may  be  produced  in  two  ways— by  solution  and  by 
fusion.    Illustrate  the  first  by  a  common  Seidhtz  or  efi-er- 
vescing  powder,  as  tartaric  acid  and  sodic  carbonate,  which 
may  be  mixed  dry  for  years  without  action  occurrmg; 
but  when  water  is  added  there  is  immediate  and  violent 
decomposition.    In  the  dry  way  a  deflagrating  powder  may 
be  used  (well-dried  potassic  carbonate  2  pts.,  sulphur  1  pt., 
and  nitre  3  pts.)  Which  hquefies  by  heat  and  explodes 
violently  in  the  act  of  combination.    A  platmuni  capsule 
is  best  for  this  experiment,  but  an  iron  sand-bath  dish  may 
be  used.    In  preparing  this  powder  the  ingredients  must  be 
finely  powdered  separately,  weU  mixed  on  paper  with  an 
ivory  spatula,  and  it  should  be  kept  in  a  well-stopped  bottle, 

^'^.^ryT^hown  illustrations  of  the  five  modes  of 
chemical  action,    (a)  Union.-A.j^v  of  hydrogen  is  to  be 
! W  mouth  to  mouth  with  one  of  chlorine,  and  the  con- 
!       alW  to  mix  (not  in  strong  daylight),  and  e.p^de^^^ 
by  ignition  at  a  lamp  (6).    Draw  attention  to  ^he  whi  e 
fume^  which  are  formed,    (b)  D/«i,Zacem.,^  -Bright  ii on 
'  s  the  blade  of  a  knife,  may  be  dipped  into  a  so lu  ion  of 
::y  copper  salt  (7).    The  chloride  is  best  if  symbols  are 
used  in  explanation,  being  of  simple  composition,    (c)  E.- 
Xl.-Add  solution  of  potassic  iodide  to  one  of  mercaric 
chloride,  and  stir  while  mixing  (8).    (d)  Bearrangc^euL- 
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There  is  no  good  inoi'ganic  example.  A  familiar  case  may- 
be shown  by  heating  a  test-tube,  containing  white  of  egg,  in 
a  water-bath  (9).  As  this  occupies  a  few  minutes  it  is  well 
to  have  a  tubeful  already  prepared,  (e)  Besolution. — De- 
compose red  mercuric  oxide  by  heat  (10),  in  a  piece  of 


Fig.  2. 

combustion  tube,  with  bend  to  retain  globules  of  mercury 
(fig.  2),  showing  the  condensed  metal,  and  also  immersing  a 
glowing  taper  in  the  oxygen  produced. 

It  will  next  be  advisable  to  select  some  well-known 
substance  for  farther  study.  Water  may  be  first  taken,  as 
most  familiar,  and  one  of  which  most  people  already  know 
something.  Its  familiarity  is  quite  a  counterpoise  for  its 
greater  complexity  as  compared  with  hydrochloric  acid. 
Notice  its  three  states  of  aggregation— solid,  liquid,  gaseous. 
As  a  gas  it  neither  burns  nor  supports  combustion:  show 
this  with  a  jet  of  steam  or  water-gas,  which  will  not  burn,  but 
extinguishes  a  taper.  On  heating,  ice  melts  to  water ;  water 
heated  becomes  steam — what  if  we  heated  this  steam  still 
further  ?  The  electric  spark  supplies  us  with  a  handy 
means  of  applying  a  most  intense  heat  (fig.  3).  By  passing 
this  spark-stream  through  steam  it  becomes  converted  into 
a  gas,  which,  unlike  water-gas,  is  uncondensable  in  cold 
water,  and  may  be  collected  in  a  test-tube.  This  a-as  unlike 
steam,  again,  burns  and  even  explodes.  It  is  best  to  act  at 
first  with  such  forces  as  beat  and  electricity.    Next  show 
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(fig.  4)  that  by  the  voltaic  current  the  same  gas  can  be  pro- 
duced from  liquid  water  slightly  acidified  with  sulphuric  acid 
(11).  In  the  voltameter  employed  in  this  experiment,  no 
part  of  the  platinum  surface  should  come  into  contact  with 


Fig.  3. 


the  mixed  gases,  lest  contact-action  should  produce  an  ex- 
plosion. This  experiment  should  be  repeated,  and  the  gases 
coming  ofi"  at  both  electrodes  collected  separately.  There  are 
various  forms  of  apparatus  for  this  purpose.    The  ordinaiy 


Fig.  4. 

electrolysis  tubes  are  perhaps  best,  especially  for  large  classes. 
A  very  good  form  of  apparatus  is  that  devised  by  Professor 
Hofmann  (fig.  5).  But  the  distance  between  the  elec- 
trodes may  necessitate  the  use  of  greater  electric  power,  or 
an  increase  of  conducting  power  of  the  liquid.  The  V  tube 
with  platinum  electrodes  is  also  very  useful.  The  distinctive 
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properties  of  the  two  gases,  when  tlius  obtained,  should  be 
demonstrated,  and  the  students  informed  of  their  names. 
It  will  be  enough  to  re-ignite  a  glowing  cedar- splint  with 
the  oxygen,  and  to  show  that  hydrogen  burns  by  igniting 
it  at  a  light  of  low  luminosity,  such  as  that  afforded  by 
cotton-wool  on  wire,  dipped  in  spirit  of  wine. 

Lastly,  the  chemical  force  should  be  caused  to  act  upon 


Fio.  5. 


water.  1.  Drive  out  hydrogen  by  an  alkali-metal  (12). 
First  illustrate  by  throwing  a  piece  of  potassium  on  the 
surface  of  some  water ;  then  collect  hydfogen  displaced 
by  sodium,  carefully  guarding  against  explosions  (fig,  6). 
The  '  sodium  spoon  '  and  use  of  wire-gauze,  unless  quite  new, 
is  objectionable;  it  is  safer  to  use  short  pieces  of  leaden 
tube,  :^in,  diam.,  closed  at  one  end  and  filled  with  sodium, 
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lying  in  the  pneumatic  trough,  beneath  an  inverted  gas-jar 
full  of  water.  2.  Drive  out  oxygen  by  chlorine  (26) .  This 
interesting  experiment  is  somewhat  troublesome  to  prepare, 
and  the  appai-atus  should  be  fitted  up  carefully  before- 
hand (fig.  7) .  Chlorine  is  first  generated  in  the  ordinary 
manner  in  a  flask  fitted  with  a  safety-funnel.  The  gas  is 
led  into  a  wash-bottle  containing  cold  water,  to  intercept 
hydrochloric  acid,  and  then  into  a  flask  of  water  kept 
boiling.    Pi'om  this  a  mixture  of  chlorine  and  steam  is  led 


Fig.  7. 

into  an  empty  bottle,  to  detain  the  condensed  steam, 
the  remainder  with  the  chlorine  being  conducted  into  a 
porcelain  tube,  passing  through  a  furnace.*  The  tube 
should  be  slightly  inclined,  so  that  if  steam  should  condense 
in  it  before  reaching  the  hot  portion  the  water  so  formed 
may  trickle  back.    The  larger  the  heated  surface  in  the 

«  I  have  found  that  iron  tubes  enamellei  inside  and  packed  with 
broken  porcelain  are  quite  as  useful  as  the  tubes  usually  employed,  and 
are  not  liable  to  bi-eak.  I  do  not  know  how  long  tliey  last,  but  have 
■  used  one  in  a  dozen  experiments,  and  it  is  still  sound.— G.  C. 
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tube  the  better;  it  may  be  packed  with  pieces  of  pumice- 
stone  or  broken  poi-celain.  A  bright  red  heat  should  be 
maintained.  From  this  tube  the  gases  are  conducted  into 
a  wash-bottle  containing  caustic  soda  in  solution,  to  retain 
hydrochloric  acid  and  free  chlorine  ;  and  the  oxygen  may  be 
led  olF  and  collected  over  water  in  the  usual  manner.  All 
the  wash-bottles  should  be  three-necked,  and  be  fitted  with 
safety-tubes ;  and  before  heat  is  applied  every  cork  should 
be  examined  and  proved  to  be  air-tight. 

In  this  and  many  other  experiments,  where  an  iri'itating 
gas  such  as  chlorine  is  used,  it  is  expedient  to  have  some 
contrivance  whereby  the  escape  of  the  gas  into  the  room 
may  be  prevented.  For  this  purpose  a  T  tube  may  be  em- 
ployed, being  interposed  between  the  chlorine  generator 
and  the  first  wash-bottle,  its  lower  limb  dipping  into  a  solu- 
tion of  caustic  soda.  By  using  a  pinchcock  the  gas  may 
be  led  into  the  alkaline  solution  and  absorbed,  or  it  may  be 
allowed  to  pass  through  the  apparatus,  as  described  above. 


Addenda  to  Lecture  I. 

The  following'  are  experiments  further  illustrating  the  points 
touched  upon  with  respect  to  chemical  action  : — 

Two  solids,  sugar  and  German  yeast,  become  semi-liquid  when 
rubbed  together  in  a  mortar.  A  mixture  of  alum  and  acetate  of 
lead  behaves  similarly.  Iodide  of  nitrogen,  exploded  by  the  touch 
of  a  feather,  illustrates  the  conversion  of  a  solid  into  gases^  To 
show  changes  of  colour  solutions  of  the  following  salts  may  be 
mixed  in  test-glasses :  (1)  Plumbic  acetate  with  potassic  chro- 
mate  gives  a  yellow ;  (2)  ferric  chloride  with  potassic  ferrocya- 
nide  gives  a  blue ;  (.3)  ferric  chloride  with  potassic  sulphocya- 
nide  gives  a  dark  red.  If  the  solutions  are  rather  weali  they  are 
nearlv  colourless,  and  the  effect  on  mixinp:  is  more  strikiuo-. 

The  value  of  fineness  of  division  in  promoting  chemical  action 
is  well  illustrated  by  opening  a  pyrophorus  and  shaking  out  the 
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contents,  which  take  fire  as  they  fall  out,  exactly  as  a  meteor 
inflames  as  it  rushes  through  our  atmosphere.  The  preparation  of 
pyrophori  is  described  in  the  next  lecture. 

The  five  modes  of  chemical  action  may  he  thus  further  exem- 
plified ;  and  attention  should  be  drawn  to  the  phenomena  of  light, 
heat,  &c.  which  are  occasional  accompaniments  : — 

1.  Union. — A  piece  of  perfectly  dry  phosphorus  is  laid  upon  a 
little  powdered  iodine  placed  on  a  tile  ;  they  combine  with  flame 
and  dense  fumes,  which  should  be  confined  with  a  bell-jar  or  in- 
verted beaker.  Powdered  antimony  may  be  shaken  into  a  jar  of 
chlorine  ;  this  should  be  done  in  a  stink-cupboard,  or,  at  any  rate, 
the  jar  should  be  removed  as  soon  as  possible.  Phosphorus,  sul- 
phur, charcoal,  or  iron  may  be  burnt  in  oxygen.  Ajar  of  oxygen 
and  one  of  nitric  oxide  may  be  put  mouth  to  mouth ;  or  ammonia 
and  hydrochloric  acid  gases  may  be  similarly  caused  to  combine. 

2.  Displacement.— ^oA\\i.vcL  may  be  employed  to  displace  hydro- 
gen, which  may  be  ignited.  Slaked  lime,  rubbed  with  sal-ammo- 
niac in  a  mortar,  displaces  ammonia,  which  may  be  smelt. 

3.  Exchange. — Any  experiments  involving  the  production  of 
a  precipitate  on  mixing  two  solutions  may  be  added  to  the  one  in 
the  text.  Baric  chloride  and  sodic  sulphate,  argentic  nitrate  and 
sodic  chloride,  plumbic  acetate  and  potassic  iodide  are  good  mix- 
tures of  this  kind.  Ferric  chloride  and  potassic  sulphocyanide 
give  a  red  coloration ;  and  cupric  sulphate  with  hydrochloric  acid 
changes  from  blue  to  green,  but  this  cannot  well  be  seen  by  gas- 

4.  Rearrangement  cannot  be  better  shown  than  by  boiling 
white  of  egg. 

5.  Resolution.— The,  explosion  of  gun-cotton  by  touching  with 
a  hot  wire,  or  of  iodide  of  nitrogen  by  contact  with  a  feather,  are 
good  illustrations.  No  other  explosion  should  precede  that  of 
iodide  of  nitrogen,  as  it  is  so  unstable  that  even  a  slight  concus- 
Bion  of  air  will  decompose  it. 


u 


LECTURE  II. 

Having  thus  demonstrated  that  water  is  composed  of  two 
kinds  of  matter,  both  gaseous — one  inflammable,  the  other 
not  so — it  will  be  well,  for  an  elementary  class,  to  proceed  to 
the  detailed  study  of  these  gases.  An  advanced  class  might 
with  more  advantage  proceed  to  a  similar  analysis  of  hydro- 
chloric acid,  ammonia,  marsh-gas,  and  ammonic  chloride.* 

First,  as  to  the  preparation  of  these  gases.  The  modes 
hitherto  shown  are  too  expensive  and  inconvenient  for 
common  use,  though  highly  favourable  for  the  particular 
object  in  view  when  they  were  used.  Cheap  and  handy 
methods  must  now  be  exhibited,  and  very  ordinary  appa- 
ratus, so  that  pupils  may  repeat  experiments  at  home. 

Hydrogen. — 1.  The  principal  method  of  preparing  this 
gas  is  by  acting  on  an  acid  with  a  metal,  as  with  zinc  and  sul- 
phuric acid  (13).  A  Woulf 's  bottle  or  even  a  single-necked 
bottle,  with  two-hole  cork,  fitted  with  fannel  and  delivery- 
tube,  is  employed  (fig.  8).  Re^aeat  the  ordinary  boy's  ex- 
periment of  burning  the  gas  through  a  piece  of  tobacco- 
pipe  as  it  is  generated.  Grive  a  warning  against  accidents, 
and  illustrate  how  easily  one  may  happen,  by  designedly 
producing  an  explosion.  For  this  purpose  fit  a  soda-water 
bottle  with  a  perforated  cork,  without  a  tube,  or  with  only 
a  quill,  so  that  if  it  flies  to  the  ceiling  and  falls  it  will  do  no 
harm.  Place  zinc  in  it,  pour  in  some  dilute  sulphuric  acid, 
and  hold  a  lighted  taper  to  the  oriBce  until  an  explosion 
occurs.    Repeat  this  with  the  same  apparatus,  but  allow  a 

,  *  See  Hofmann's  '  Modern  Chemistry.' 
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sufficient  lapse  of  time,  so  that  the  gas  may  burn  safely. 
2.  Show  that  a  metal— e.g.  zinc— may  act  on  an  alkali  such 


as  caustic  soda,  and  displace  hydrogen  (14).  The  alkalme 
solution  must  he  concentrated,  and  the  zinc  in  the  form  of 
turnings,  and  heat  must  be  applied:  the  gas  comes  off 
slowly.  3.  Show  that  other  acids  besides  sulphuric,  as 
hydrochloric,  may  be  similarly  decomposed  with  evolution 
of  hydrogen.  In  each  case  collect  the  gas  and  burn  it,  to 
show  its  identity. 

Properties.— In&ame  the  gas  from  a  jet.    Illustrate  its 
lightness  (16)  by  means  of  a  small  balloon  or  soap-bubbles, 
or  by  a  light  bell-jar  or  beaker  mouth  downwards,  counter- 
poised on°a  balance  :  on  pouring  upwards  a  jar  of  hydrogen 
into  the  bell-jar  it  will  rise,  owing  to  a  diminution  m  weight 
(fio-  9) .  If  the  electi'ic  or  lime  light  can  be  procured— or  even 
a  magnesium  lamp-the  shadow  of  a  stream  of  hydrogen 
should  be  projected  upon  a  sheet  of  white  paper.    A  wide 
tube  should  be  used,  and  it  should  be  deflected  downwards. 
Two  jars  filled  with  the  gas  should  be  left  open  for  twenty 
.or  thirty  seconds,  one  having  the  mouth  downwards,  the 
other  its  mouth  upwards  (15).   Then  apply  a  light,  to  show 
first  that  the  gas  has  escaped  from  the  one,  and  then  to 
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prove  by  its  ignition  that  the  inverted  one  still  contains  the 
greater  part  of  its  gas,  only  a  little  air  having  become 


Fig.  9. 

mixed  with  it.  Invert  another  jar  of  the  gas,  and  ignite  it  at 
the  mouth,  pushing  the  taper  up  into  the  unburnt  gas  (17), 
to  show  that  though  the  gas  burns 
it  will  not  support  ordinary  com- 
bustion (fig.  10).  The  taper  can 
be  re-lighted  at  the  mouth  of  the 
jar.  Ignite  the  gas  at  the  mouth  of 
a  jar  standing  on  the  table,  and 
point  out  that  the  light  gas  rush- 
ing upwards  is  burnt  more  quickly 
than  in  the  previous  case. 

Oxygen.— Shovf  the  substances 
from  which  this  gas  can  be  prepared:   mercuric  oxide, 
potassic  chlorate,  and  manganic  oxide.    1.  Prepare  a  small 


Fig.  10. 
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quantity  from  mercuric  oxide  (26).  2.  If  circumstances 
permit  sliow  elimination  of  oxygen  by  the  action  of 
growing  plants  (mint  is  best),  immersed  in  an  inverted 
flask  full  of  water  saturated  with,  carbonic  acid  gas,  and 
exposed  to  sunlight.  One  or  two  days'  exposure  in 
spring  and  summer  and  four  or  five  in  winter  will  be 
necessary.  This  illustration  is  very  important,  as  it 
explains  the  natural  production  of  oxygen  from  the  pro- 
ducts of  combustion  and  respiration.  3.  Show  the  pre- 
paration of  oxygen  from  potassic  chlorate  (a)  alone  and 
(b)  mixed  with  one-sixth  or  one-tenth  of  its  weight  of  black 
oxide  of  manganese,  in  the  last  case  washing,  and  using 
wide  tubes  to  suit  the  rapid  evolution  of  gas.  Set  these 
two  experiments  going  simultaneously,  to  show  the  compara- 
tive rapidity  of  the  processes.  Having  collected  specimens 
of  the  gas  from  various  sources,  prove  their  identity  by 
similarity  of  behaviour  with  a  glowing  spark. 

Projjeriies.— Oxygen  re-lights  a  glowing  wick  (27).  Use 
(;edar  splints,  or  green  tapers  coloured  with  copper  ;  the 
( ixide  of  copper  causes  the  wick  to  glow  longer.  Phosphorus 
burns  brilliantly  (28),  and  when  the  heat  volatilises  it  a 
flash  of  light  fills  the  whole  vessel,  owing  to  the  points  of 
contact  between  phosphorus  and  oxygen  being  indefinitely 
increased.  For  this  experiment  a  di7  flask  of  oxygen  is 
best,  and  the  phosphorus  must  be  dried.  Moisture  causes 
spurting,  and  will  probably  break  the  flask.  Iron  or  steel 
must  be  burnt  in  oxygen  (29) .  A  bundle  of  thin  wires  may 
be  held  in  the  flame  of  a  Herapath  blowpipe  urged  by  a 
stream  of  oxygp  from  a  gasholder  or  receiver  of  the  con- 
densed gas. 

Notice  that  in  these  cases  a  preliminary  heating  is 
needful  for  oxidation,  but  that  it  is  not,  however,  necessary 
in  some  other  cases.  Coals  containing  pyrites  when  moist 
oxidise  and  bum,  as  also  does  cotton-waste  when  oily. 
Fires  thus  arise  sometimes,  the  phenomenon  being  called 
'spontaneous  combustion.'     The  similar  action  of  'pyro- 
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phori '  is  owing  to  their  fine  state  of  division.  Tartrate  of 
lead  carbonised  in  a  glass  tube  and  sealed  up  makes  a  '  lead 
pyrophorus ; '  when  the  tube  is  opened  and  its  contents 
shaken  out  they  burn  with  a  red  glow.  Zinc-ethyl  inflames 
when  exposed  to  air,  with  formation  of  heavy  fumes  of 
zincic  oxide. 

To  prepare  Zinc-ethyl. — Take  a  piece  of  combustion  tubing 
12  or  14  in.  long,  sealed  at  one  end,  and  containing  at  the 
closed  end  3  inches  in  depth  of  well-dried  granulated  zinc. 
Bend  the  open  end  twice  at  right  angles,  expel  air  by  heating, 
and  introduce  the  open  end  into  a  mixture  of  3  vols,  ethylic 
iodide  and  2  vols,  common  ether,  anhydrous  (recently  dis- 
tilled over  potassic  carbonate) ,  Let  enough  of  this  be  drawn 
back  to  nearly  cover  the  zinc.  Seal  the  tube  and  cut  it  ofi" 
at  8  inches  or  so  from  the  closed  end.  Immerse  the  sealed 
tube  in  a  water-bath  for  five  or  six  hours,  and  take  it  out  when 
crystals  appear  within.  Envelope  the  tube  in  a  cloth,  open 
it,  and  connect  with  a  good  length  of  \  in.  tube.  Distil  the 
crystals  at  a  gentle  heat,  and  collect  zinc-ethyl  in  small 
tubes,  which  should  be  sealed  up  and  kept  for  use. 

The  re-combination  of  hydro- 
gen and  oxygen  to  form  water  may 
now  be  shown.  Explode  a  mixture 
of  two  volumes  of  hydrogen  with 
one  of  oxygen  in  a  soda-water 
bottle,  to  show  the  violence  of 
their  combination  (30).  Small 
collodion  balloons,  tied  with  nitre- 
cotton  and  a  scrap  of  gun-cotton, 
to  serve  as  a  fuse,  may  be  filled 
with  this  explosive  mixture,  and 
allowed  to  rise  ;  they  explode  in  /; 
the  air  without  danger.  Soap- 
bubbles  may  be  blown  with  the 
mixed  gases  by  means  of  a  bladder  and  a  pipe,  and  explode 
on  being  ignited.    If  a  Cavendish's  eudiometer  (fig.  11)  can 


Pig.  11. 
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be  obtained  the  explosion  should  be  effected  with  it.  In  this 
case  the  flash  of  light  caused  by  explosion  should  be  noticed, 
since  the  same  comUnation  in  case  of  bubbles  fails  to  give 
it.  This  is  owing  to  the  pressure  exerted.  When  the 
gases  are  not  suffered  to  expand,  there  is  light ;  when  ex- 
pansion is  allowed,  the  steam  produced  is  only  one-tenth 
the  density  of  the  atmosphere,  and  there  is  no  light.  The 
density  of  the  ignited  medium  influences  the  amount  of 
lio-ht.  Thus,  with  attenuated  hydrogen  and  carbonic  oxide 
we  have  pale  flames.  The  dense  vapours  of  phosphorus, 
zinc,  and  mercury  give  much  light  when  ignited.  Sohds 
give  most  Hght  in  combustion. 

There  is  at  least  one  quantitative  experiment  to  prove 
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combine  with  one  volume  of  oxjgen  to  form  two  volumes 
of  water-gas.  The  apparatus  necessary  is  a  form  of  eudio- 
meter provided  with  a  jacket,  devised  bj  Hofmann  (fig.  12). 
A  mixture  of  hydrogen  and  oxygen,  in  the  correct  propor- 
tions, is  introduced  into  the  closed  end  and  raised  by 
means  of  the  vapour  of  fusel-oil  passed  into  the  jacket  to 
a  temperature  of  about  130°  C,  when  the  level  of  mercury 
being  equalised  in  each  limb,  an  indiarubber  ring  is  ad- 
justed round  the  jacket  to  show  the  volume.  Combination 
may  now  be  effected  by  the  electric  spark,  the  open  end  of 
the  eudiometer  being  corked  tightly,  and  a  cushion  of  air 
being  left  to  moderate  the  force  of  the  explosion.  Mercury 
is  now  poured  in  to  restore  the  level,  on  which  it  will  be 
observed  that  the  volume  of  uncombined  gases  has  been 
condensed  into  two-thirds  of  its  volume  of  steam.  This 
may  be  well  illustrated  to  a  class  by  the  employment  of 
cubical  canisters  packing  inside  a  double  cube,  so  as  to  ex- 
press the  following  formula: — 


H 

H 

+ 

0  1  = 

H20 

Two  vols. 

One  vol. 

Two  vols. 

This  fundamental  fact  is  thus  absolutely  proved  to  stu- 
dents. 


Addenda  to  Lecture  II. 

In  preparing  hydrogen  for  experiment  care  should  be  taken  that 
the  gas  is  free  from  any  admixture  of  air.  The  simplest  method 
of  ensunng  this  is  by  collecting  a  few  test-tubefuls  of  gas  and 
igmtmg  them.  So  long  as  air  is  mixed  with  it  there  will  be  a  slight 
explosion,  but  as  soon  ns  only  pure  hydrogen  comes  off'  it  will  burn 
quietly.  A  neat  method  of  showing  the  explosion  of  hydrogen 
uiixed  with  air  is,  to  collect  a  stoppered  jar  full  and  set  it  upon 
three  blocks,  so  that  when  the  stopper  is  removed  and  the  gas 
Ignited,  air  may  enter  at  the  bottom  and  mingle  with  the  hydrogen- 
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as  it  is  iDeing  burnt.  The  combustion  is  very  rapid,  and  terminates 
with  a  violent  explosion  (fig.  13).  The  neck  of  the  jar  must  not 
be  too  wide,  otherwise  the  explosion  will  not  occur. 

The  diffusion  of  hydrogen— though  strictly  a  demonstration  re- 
served for  advanced  classes-may  be  used  as  an  auxiliary  illustra- 
tion of  its  lightness.  For  this  experiment  a  diffusion-tube  is 
needed,  which  is  a  long  glass  tube  open  at  one  end  and  closed 
within  an  inch  of  the  other  by  a  porous  plug.  When  m  use,  the 
plug  must  be  kept  perfectly  dry.  The  tube  maybe  hlled  with 
hydro-en  by  displacement,  first  closing  the  top  of  the  tube  by  a 
cork,  so  that  no  hydrogen  may  escape  through  the  plug.  _  On  then 
placing  the  open  end  of  the  tube  in  coloured  water,  the  rise  ot  tlie 


Fig.  U. 

liquid  on  removing  the  cork  shows  that  the  hydrogen  escapes 
throu-^h  the  porous  plug  more  rapidly  than  the  air  enters  the  tube  in 
the  opposite  direction  (fig.  U).  The  experiment  may  be  reversed 
bv  dippin-  the  open  end  of  the  tube  into  water,  an^  lowering  a 
cylindrof  hydrogen  over  the  plugged  end  (fig.  15).  the  diflusion 
into  the  tube  in  this  case  is  so  much  in  excess  of  that  out  of  t 
that  bubbles  are  forced  through  the  water  as  if  they  were  violently 

^^°rwill  be  well  to  prove  by  an  experiment  that  when  substances 
are  oxidised  thev  increase  in  weight.  For  this  purpose  a  finely- 
d  ided  metal  m'ay  be  taken,  such  as  precipitated  copper  or  redu  ed 
iron.    Forty  or  fifty  grains  of  metal  may  be  weighed  out  mto  a 
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porcelain  or  platinum  crucible,  and  carefully  counterpoised  in  a 
balance.  On  heating  to  low  redness  in  the  Biinsen  flame  the  metal 

is  oxidised  and  by  re-weighing 
when  cooled  an  increase  of  weight 
amounting  to  10  or  15  grains  is 
observed.  If  a  very  good  specimen 
of  iron  reduced  by  hydrogen  can 
be  secured  (that  usually  sold  is 
not  good  enough),  the  ignition 
may  be  effected  on  the  balance 
itself,  by  simplysetting  light  with 
a  match  to  a  small  heap  of  the 
metal,  which  will  burn  rapidly 
with  a  dull  red  glow :  the  pan  of 
the  balance  will  rise  for  an  in- 
stant,  and  then   quickly  sink. 
Another  experiment  illustrating 
the  same  fact  is  the  familiar  one 
of  burning  a  candle  and  absorbing 
the  resulting  water  and  carbonic 
acid  by  caustic  soda,  but  this 
is  far  more    troublesome  than 
the  illustrations  just  mentioned, 
which  are,  indeed,   also  much 
neater. 

It  is  advisable  to  prove  that 
manganic  oxide,  when  heated 
with  potassic  chlorate  to  prepare 
oxygen,  remains  unaltered.  This 
is  simply  done  by  dissolving  out 
potassic  chloride  and  filtering  oft' 
the  solution,  preserving  the  man- 
ganic dioxide  for  examination. 

The  leisure  afforded  to  science- 
teachers  by  the  summer  vacation 
should  be  utilised  in  the  prepara- 
.    ,  ,  t'O"  of  things  likely  to  be  re- 

quired during  the  winter,  such  as  the  pyrophori  above-mentioned 
Lead  pyrophori  are  thus  prepared  :-Precipitate,  by  means  of 
bitartrate  of  soda  from  a  solution  of  acetate  or  nitrate  of  lead 

c2  ' 
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plimibic  tartrate,  which  should  he  di-ied  at  a  low  temperature  A 
number  of  tubes  of  hard  glass  about  six  inches  long,  and  sealed  at 
one  end,  should  now  be  about  one-third  filled  with  the  tartrate, 
and  drawn  out  at  the  open  end,  Then,  , 
one  after  another,  these  should  be 
heated  in  the  Bunsen  flame  until  no 
more  steam  or  other  vapour  issues  (fig. 
16),  when  the  open  end  ean  be  sealed 
rapidly.  When  used,  one  end  is  notched 
with  "a  file  and  broken  ofiF,  and  the 
finely-divided  carbon  and  lead  shaken 
out  into  the  air,  burning  as  it  falls.  If 
shaken  into  a  white  plate  it  can  be  seen 

that  litharge  is  produced.  _       .  i  n 

The  method  described  above  for  preparmg  zmc-ethyl-ako  a 
very  good  pyrophorus-does  not  give  a  large  quantity.  The  tollow- 
ing  plan  is  one  which  does  not  involve  the  use  of  any  apparatus 
beyond  what  most  scicnce-teaehers  can  command,  and  may  be 


Fig.  17. 


adopted  when  a  small  stock  is  to  be  made.  Fit  up  the  apparatus 
represented  in  tig.  17,  consisting  of  a  carbonic  acid  generator 
(a),  two  drying  bottles  containing  strong  sulphuric  acid  (b,  c), 
a  half-pint  flask  (e)  upon  a  water-bath,  and  a  Liebig's  condenser 
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(f),  through  which  cold  water  is  kept  running  by  means  of 
the  tubes  1 1.  The  presence  of  atmospheric  air  and  of  moisture  is  to 
be  very  carefully  guarded  against.  Eight  hundred  grains  of  zinc, 
perfectly  dry  and  freslily  granulated,  is  to  be  put  into  the  flask  n, 
and  the  whole  apparatus  filled  with  dry  carbonic  acid  gas.  Then 
400  grains  of  ethylic  iodide,  absolutely  free  from  moisture,  is 


Fig.  18. 

poured  upon  the  zinc,  and  alittle  more  carbonic  acid  passed  through, 
after  which  the  current  is  cut  oft' by  closing  the  nipper-tap  T,  when 
the  gas  escapes  through  G.  Escape  of  carbonic  acid  from  the  flask 
is  prevented  by  the  end  of  the  tube  /  being  under  mercury  in  D. 
The  flask  is  now  heated  by  the  water-bath,  and  the  iodide  of  ethyl 
distils,  but  is  condensed  and  flows  back,  until  in  about  five  hours 
it  is  converted  into  zinc-ethyl.  Then  a  slow  current  of  carbonic 
acid  is  again  allowed  to  pass  by  opening  the  tap  T.  The  condenser 
is  reversed  (fig.  18),  and  the  tube  /  is  passed  into  the  short  test-tube 
0,  which  is  also  fitted  with  the  siphon  i,  connecting  it  with  the 
smaller  test-tube  p,  whose  cork  is  also  i'urnished  with  a  short  piece 
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of  rather  wide  tube  (r,).  A  number  of  small  tubes  (fig.  19)  must 
be  prepared  for  the  reception  and  preservation  of  the  zinc-ethyl. 
The  bent  neck  (r)  of  one  of  these  is  passed  down  T,  into  r,  its  other 
end,  K,  being  connected  with  a  carbonic  acid  generator,  the  gas 
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being  dried  of  course.  Carbonic  anhydride  being  again  caused  to 
lill  tlie  whole  apparatus,  the  pinchcock,  t,  is  closed  and  the  flask  v. 
heated  by  a  sand-bath,  so  as  slowly  to  distil  zinc-ethyl  into  the  tube 
0,  the  supply  of  carbonic  acid  being  kept  up  tlirough  m  n,  the  ex- 
cess escaping  by  l.  To  fill  the  small  tube  the  end  N  is  sealed  by 
the  blowpipe  tlame,  and  the  longer  limb  of  the  siphon  is  pushed 
down  into  o,  so  as  to  dip  into  the  liquid.  On  opening  the  tap  T 
carbonic  acid  gas  presses  some  zinc-ethyl  over  into  p,  so  that  the 
end  R  of  the  small  tube  dips  into  it.  The  bulb  M  is  warmed  by  a 
spirit-lamp,  so  as  to  expel  gas,  and  on  cooling  zinc-ethyl  is  sucked 
up  into  it,  and  the  tube  may  be  withdrawn  and  quickly  sealed. 
Great  care  is  necessary  throughout,  on  account  of  the  spontaneous 
inflammability  of  zinc-ethyl.    (Bloxam's  '  Chemistry.') 

The  flash  of  light  caused  by  the  combination  under  pressure  of 
two  volumes  of  hydrogen  mixed  with  one  volume  of  oxygen  may 
also  be  observed  if  the  explosion  is  eflected  in  a  soda-water  bottle. 
For  this  purpose  the  mixture  obtained  by  electrolysis  is  best. 


Fio.  20. 


Another  quantitative  experiment  which  should,  if  possible,  be 
shown  to  a  class  is  that  which  proves  the  composition  of  water  by 
weight.  Only  approximate  accuracy  can  be  obtained  in  most 
cases,  but  the  illustration  is  too  important  to  be  omitted.  Fig.  20 
represents  the  apparatus  necessary  for  this  demonstration.  Hydro- 
o-en  is  generated  in  the  usual  way  from  zinc  and  dilute  sulphuric 
acid  in  the  bottle  h,  and  is  then  passed  through  solution  of  caustic 
potash  (2}),  to  remove  sulphuretted  hydrogen ;  then  through  a 
U  tube  (s)  containing  pumice  saturated  with  a  strong  solution  of 
argentic  nitrate,  to  remove  arsenic  and  antimony;  and  lastly 
through  two  similar-  tubes  (y  v)  containing  pumice  soaked  in  strong 
oil  of  vitriol,  which  thoroughly  dries  it.   The  gas  then  passes  over 
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cupiic  oxide  in  the  bulb  c,  and  finally  tlirougli  the  bulb  g  and 
the  tube  i,  containing  pumice  saturated  with  oil  of  vitriol.  First, 
the  bulb  c  with  its  contents  must  be  accurately  weighed,  also  the 
bulb  g  and  tube  i.  Then,  all  the  connections  being  made,  the 
whole  apparatus  is  to  be  filled  with  hydrogen,  when  the  oxide  of 
copper  may  be  heated  by  a  spirit-lamp.  As  the  reduction  pro- 
ceeds water  is  condensed  in  (j  and  i.  Wlien  the  operation  is  over 
and  the  bulb  c  is  cold,  it  must  be  weighed :  the  loss  in  weight 
represents  oxygen.  The  gain  in  weight  of  y  and  i  is  water.  The 
difterence  between  loss  of  oxygen  and  gain  of  water  is  of  course 
hydrogen.  The  chief  precaution  necessary  in  this  experiment  is 
to  avoid  heating  the  cupric  oxide  until  all  the  air  in  the  apparatus 
is  displaced  b)'  hydrogen. 

When  explaining  the  nature  of  combustion  to  a  class  it  is  well 
to  show  by  experiment  that  gases  not  usually  classed  as  supporters 
of  combustion  may  be  so  under  certain  circumstances.  A  simple 
method  of  showing  this  is  to  melt  some  potassic  chlorate  in  a 
pbospliorus-spoon  mounted  on  a  stand,  and  when  it  is  in  full 
fusion  to  invert  quickly  over  it  a  jar  of  hydrogen.  A  small  ex- 
plo.'ion  occurs  at  first,  but  there  is  no  danger,  and  the  flame  of 
ox3^gen  given  off"  from  the  chlorate  burning  in  the  atmosphere  of 
hydrogen  is  distinctly  observed.  Other  methods  of  illustrating 
this,  as  by  burning  oxygen  or  air  in  an  atmospliere  of  hydrogen, 
are  .nlso  available,  but  the  experiment  described  is  the  least  trouble- 
some, and  this  fact,  where  time  is  an  object,  is  important. 
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LECTURE  III. 

Having  now  decomposed  water  (1)  by  the  electric  spark 
and  (2)  by  tlie  galvanic  current,  (3)  collected  the  separate 
gases,  and  (4)  reunited  them,  how  are  we  to  prove  to 
students  that  the  liquid  thus  formed  is  really  water  ?  A 
convenient  mode  of  preparing  water  from  its  elements  is 
by  burning  a  jet  of  diy  hydrogen  in  air,  and  coudensing 
the  produced  vapour  (31).  A  small  quantity  of  water  is 
thus  procured.  Inform  the  class  (and  illustrate  it)  that 
potassium  will  not  burn  on  the  surface  of  any  neutral  liquid 
except  water.  Prove  that  the  coadensed  liquid  is  neutral 
(32),  and  burn  potassium  upon  it. 

Here  the  properties  of  water  may  be  conveniently 
studied.  If  any  way  possible,  its  coloitr  should  be  shown. 
A  long,  clean  zinc  pipe  (12  to  16  feet  long  by  Sin.  dia- 
meter), with  glass  plates  closing  the  ends,  and  half-full 
of  distilled  water,  may  be  so  arranged  as  to  be  looked 
through,  or  so  that  a  light  may  be  cast  through  it  on  a 
white  screen.  The  stratum  of  air  will  be  perceived  to  be 
colourless,  and  the  stratum  of  water  will  be  observed  to  be 
of  a  delicate  blue-green,  similar  to  the  tint  of  the  Swiss 
lakes  and  of  some  Gloucestershire  waters  on  oolitic  soil. 
The  canal  at  Stroud,  fed  by  springs,  is  of  this  colour  some- 
times. Organic  matter,  being  usually  yellow  or  brown, 
first  neutralises  this"  beautiful  colour  of  pure  water,  then 
tints  it  of  its  ovra  colour. 

Ozone.— This  allotropic  form  of  oxygen  may  be  pre- 
pared by  the  action  of  phosphorus  on  moist  air  (33). 
Two  or  three  gas-jars  should  have  a  little  water  at  the 
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bottom,  with  pieces  of  freshly  scraped  phosphorus  in  it,  in 
contact  witli  air.  Leave  tliem,  covered,  for  about  half  an 
hour.  The  quantity  of  ozone  yielded  is  small,  but  quite 
enough,  if  the  phosphorus  has  not  been  left  too  long,  to 
liberate  iodine  from  starch-paper  dipped  in  solution  of 
iodide  of  potassium.  This  test  should  previously  be  ex- 
plained to  the  class.  Phosphorus  appears  first  to  transform 
oxygen  into  ozone ;  then,  by  further  exposure,  the  ozone 
oxidises  phosphorus. 

Hyclroxyl. — This  may  be  and  should  be  prepared  before 
the  class,  by  the  action  of  carbonic  anhydride  upon  water  and 
baric  peroxide.  The  gas  may  be  prepared  by  any  apparatus 
giving  a  constant  stream  (figs.  43  and  47),  and,  after  wash- 
ing, it  should  be  led  into  a  beaker  containing  distilled  water 
and  baric  peroxide,  kept  stirred.  A  dilute  solution  of  hy- 
droxyl  thus  prepared  is  sufficient  for  most  experiments.  If 
a  stronger  solution  is  wanted  it  must  be  concenti^ated  over 
sulphui'ic  acid  in  vacuo,  or  purchased.  Show  that  strong 
hydroxyl  containing  a  little  caustic  soda,  when  gently 
warmed,  gives  ofi"  oxygen,  and  that  water  is  left ;  collect 
the  gas  (35).  Show  that  oxide  of  silver,  when  treated 
with  hydroxyl  (strong),  is  reduced  to  the  metallic  state, 
with  evolution  of  oxygen,  while  hydroxyl  is  also  reduced  to 
water*  (36).  This  experiment  by  Sir  B.  Brodie  confirmed 
the  molecular  hypothesis.  Illustrate,  with  the  aid  of  this 
experiment,  the  composition  of  molecules.  Free  oxygen  is 
oxide  of  oxygen.  An  excess  of  either  hydroxyl  or  argentic 
oxide  remains  undecomposed  in  this  experiment.  Show 
how  blackened  paintings  (from  action  of  sulphuretted 

*  Experiments  such  as  this  are  frequently  objected  to  as  too  expen- 
sive. A  little  care  would  obviate  this.  Silver,  gold,  and  platinum 
salts,  after  they  have  been  used  in  experiments,  should  not  be  thrown 
away,  but  be  put  into  the  residue  bottles  wiiich  ought  to  be  in  every 
laboratory.  Their  snbseqnent  conversion  into  reagents  saves  the  ex- 
pense of  buying  more,  tliough  it  involves  a  little  trouble.  This  very 
trouble  may  be  utilised  by  giving  practice  to  a  senior  student. 
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hydrogen  on  the  lead  pigment)  are  restored.  Use  a  piece 
of  lead-paper  which  has  been  exposed  to  sulphuretted 
hydrogen  and  dip  it  in  hydroxyl  Or  brush  the  liquid  over 
it,  thus  changing  the  black  sulphide  of  lead  into  the  white 
sulphate  (37,  38). 

Now  hydrochlurio  acid  may  be  submitted  to  an  examina- 
tion similar  to  that  by  which  we  have  learnt  so  much 
respecting  water.    Use  a  jar  of  the  gas  to  show  its  pro- 
perties.   It  is  colourless  and  transparent ;  it  will  not  burn 
nor  support  combustion  (24),  it  fumes  in  moist  air,  red- 
dens blue  litmus-paper,  but  does  not  bleach  carmine-paper. 
Here  explain  fully  acid  and  alkaline  reactions  and  use  of 
test-papers.     Have  ready  prepared  equivalent  parts  of 
hydrochloric  acid  and  caustic  soda  in  weak  solution.  Show 
one  to  be  acid,  the  other  alkaline,  and  the  mixture  of  the 
two  neuti-al  (23).    This  experiment '  should  be  prepared 
beforehand  with  great  care.    Show  hydrochloric  acid  gas 
to  be  soluble  in  water  (25).    Use  a  stout  jar,  with  a  thick 
glass  cover.    Hold  the  jar  firmly,  and  withdraw  the  cover, 
by  a  sliding  motion,  under  the  surface  of  water,  to  get 
quick  absorption  by  a  jet  of  water  into  the  jar.    There  is 
the  chance  of  a  thin  plate  breaking  by  pressure,  also  of  the 
jar  being  forced  downwards.    It  is  necessary  to  prove  the 
solubility  of  the  gas,  because,  in  its  electrolysis,  which 
must  next  be  efiected,  a  solution  is  used  (20).    Collect  the 
mixed  gases  into  which  hydrochloric  acid  (the  strongest  of 
commerce)  is  decomposed  in  the  voltameter.  Manifestly 
this  mixed  gas  is  not  hydrochloric  acid,  for  it  does  not 
dissolve  much  in  water ;  it  bleaches  moist  carmine-paper, 
and  burns  with  explosion  when  lighted. 

There  is  a  little  difficulty  in  demonstrating  the  relative 
proportions  by  volume  of  the  two  gases  which  compose  this 
mixture,  for  one  of  them  is  considerably  soluble  in  water. 
The  decomposition  must  be  started  long  enough  beforehand 
for  the  liquid  to  be  pretty  well  saturated  with  chlorine,  and 
then  the  gases  may  be  collected  separately.    If  Hofmann's 
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apparatus  be  used,  a  variety  of  it  with  caoutchouc  tube 
may  be  employed,  whicli  enables  us  to  equalise  the 
pressure  in  all  three  limbs,  for  the  greater  the  pressure 
the  more  gas  is  dissolved.  Having  collected  the  gases 
separately,  their  properties  should  be  briefly  examined. 
One  is  found,  by  its  ready  inflammability,  to  be  our  old 
friend  hydrogen  ;  the  other  is  non-inflammable,  and  pos- 
sesses bleaching  powers— it  is  chlorine. 

Chlorine  should  now  be  prepared  by  chemical  methods, 
and  its  properties  fully  demonstrated.  The  usual  method, 
by  manganic  dioxide  and  hydrochloric  acid  (fig.  21),  maj 


Fig.  21. 


be  employed,  with  three-way  tube  to  prevent  annoyance 
(18).  Point  out  the  colour  of  the  gas  ;  its  irritating  smell 
will  indicate  itself.  1.  Show  its  action  on  powdered 
arsenic  (or  antimony,  which  is  less  poisonous),  sifted  into 
the  gas,  at  ordinary  temperatures,  from  a  muslin  or  gauze 
bag.  There  is  some  risk  of  fracturing  the  thick  bottom  of 
an  ordinary  gas-jar  by  the  heat  of  union  ;  hence  a  layer  of 
sand  may  be  placed  at  the  bottom  as  a  protection,  or  a 
flask  of  thin  glass  may  be  employed.  2.  Burn  sodium  in 
chlorine.  Heat  the  metal  to  fusion  in  a  deflagrating  ladle 
by  Herapath's  blowpipe.    On  lowering  into  chlorine  there 
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is  vivid  combustion,  with  fames  of  so  die  chloride.  3. 
Show  spontaneous  combustion  of  phosphorus  in  chlorine. 
Notice  the  slight  evolution  of  light  as  compared  with  that 
evolved  by  its  burning  in  air.    The  amount  of  heat  gene- 
rated is  but  small ;  and  though  phosphorous  chloride  is  a 
dense  vapour,  not  much  light  is  produced.  If,  however,  the 
chlorine  be  previously  passed  through  a  tube  heated  to  red- 
ness, and  over  phosphorus  heated  in  a  bulb  tube,  much  more 
light  is  emitted.    4.  Burn  a  jet  of  coal-gas  in  chlorine  ;  its 
flame  is  more  luminous  and  smoky  than  usual.    A.n  ordi- 
nary taper  is  more  smoky  still,  and  burns  with  a  lurid  red 
flame,  speedily  going  out.    It  is  evident  that  chlorine  will 
thus  support  the  combustion  of  hydrogen,  but  not  of 
carbon.    Burn  a  jet  of  hydrogen,  and  try  to  burn  a  piece 
of  charcoal  in  the  gas,  to  prove  this.    5.  Show  the  bleach- 
ing power  of  chlorine  (19).    Use  weakish  solutions  of 
indigo,  cochineal,  magenta,  and  aniline  purple,  and  add  to 
them  a  solution  of  chlorine.    Colourless  or  nearly  colour- 
less substitution  products  are  formed.    Colours  with  a  basis 
of  carbon,  such  as  printing-ink,  are  not  bleached  by  chlorine. 

Hydrochloric  acid  may  now  be  reproduced  by  burning 
a  jet  of  hydrogen  in  an  atmosphere  of  chlorine  (21).  A 
large  flame  is  given,  and  fumes  of  hydrochloric  acid  ascend 
in  the  moist  air. 

Chlorine  has  its  affinities  stimulated  by  light,  as  those 
of  oxygen  are  urged  by  heat.  This  may  be  shown  by 
exploding  the  mixture  of  hydrogen  and  chlorine  derived 
from  electrolysis  of  hydrochloric  acid,  and  sealed  up  m 
lead-glass  bulbs.  These,  of  course,  must  be  kept  in  the 
dark.  To  explode  them  a  box  must  be  provided,  to  prevent 
scattering  of  the  fragments.  The  actinic  light  of  burn- 
ing magnesium  wire  is  sufficient  to  effect  the  combination. 
By  producing  a  similar  combination  in  a  closed  vessel  capable 
of  withstanding  the  shock,  the  volumetric  constitution  of 
hydrochloric  acid  may  be  demonstrated.  For  this  pur- 
pose strong  glass  tubes,  fin.  wide,  with  stopcocks  at  each 
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eud,  are  filled  witli  mixed  hydrogen  and  chlorine  in  equal 
volumes.  One-half  of  this  mixture — that  is,  its  chlorine — is 
soluble  in  caustic  soda;  and  this  should  be  shown  by  allow- 
ing a  drop  or  two  of  the  alkaline  solution  to  enter,  agitating, 
and  taking  up  more  of  the  liquid.  Then  a  similar  tube- 
ful  should  be  taken,  and  one  end  opened  under  mercury, 
to  show  that  the  pressure  is  equal  to  that  of  the  atmo- 
sphere. Closing  the  tube  agaiu,  it  should  be  guarded  by 
■wire-gauze,  and  then  the  gases  may  be  caused  to  combine 
by  the  hght  of  burning  magnesium.  After  the  explosion 
and  cooling,  the  tube  must  be  again  opened  under  mercury, 
to  prove  that  the  pressure  is  still  the  same,  and  that  there 
is  neither  expansion  nor  contraction  produced  by  the  com- 


bination. Then,  open  under  caustic  soda  solution,  and  by- 
introducing  a  small  quantity  and  agitating,  and  allowing 
the  tube  to  be  filled  completely  with  the  solution,  show 
that  the  combined  gases  are  completeh/  soluble  in  water. 
These  tubes  should  be  very  carefully  filled.  There  is  some 
probability  of  a  small  quantity  of  hydrogen  or  air  being 
in  the  tube,  as  it  is  difiBcult  to  expel  them  altogether. 

Next,  hydrochloric  acid  gas  may  be  prepared  by  action 
of  sulphuric  acid  on  fused  common  salt  (fig.  22),  and  col- 
lected over  mercury  or  by  displacement  (22).    A  useful 
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arrangement  for  collecting  by  displacement  is  a  glass  plate, 
perforated,  with  caoutchouc  '  cork  '  and  two  tubes,  employed 
as  a  cover  to  the  jar  to  be  filled  (fig.  23).  For 
light  gases,  enter  through  tube  A;  for  heavy 
ones,  through  tube  B.  Gas  should  be  driven  off 
quickly,  and  the  issuing  air  led  into  water.  In 
the  case  of  soluble  gases  the  cessation  or  slack- 
ening of  bubbles  indicates  the  filling  of  the  jar 
with  gas.  Let  the  class  understand  how  a 
soluble  gas,  like  hydrochloric  acid,  is  collected 
by  displacement.  Explain  fully  the  laboratory 
preparation,  and  hint  at  the  mode  of  manu- 
facture. Students  too  frequently  attempt  to 
describe  a  manufacture  which  they  have  not 
seen,  instead  of  a  homely  experiment  which  they 
have  seen. 


Fig.  23. 


Addenda  to  Lecture  III. 

The  hnrdness  and  other  characteristics  of  natural  water  form  a 
subject  which  is  reserved  for  the  advanced  stage,  but  an  elemen- 
tary class  should  see  illustrations  of  the  power  of  water  to  dissolve 
o-ases.  Some  of  these  are  furnished  by  the  experiments  on  hydro- 
chloric acid,  ammonia,  chlorine,  sulphurous  anhydride,  and  other 
soluble  gases.  A  useful  and  instructive  addition  to  these  is  to  boil 
a  natural  water,  so  as  to  drive  out  the  dissolved  air,  and  by  absorp. 
tion  of  oxygen  from  it  to  show  that  oxygen  is  more  soluble  in 
water  than  nitrogen.  (An  illustration  showing  air  to  be  a 
ture,  not  a  compound.)  In  this  experiment  it  is  necessary  to  fill 
not  only  a  flask  but  its  leading  tube  with  the  water  to  be  boiled, 
and  to  place  the  end  of  the  tube  beneath  the  cylinder  in  which 
the  gas  is  to  be  collected  before  beginning  to  warm  the  water. 
From  the  mixture  of  gases  which  comes  off  oxygen  is  to  be  ab- 
sorbed by  a  piece  of  phosphorus  attached  to  the  end  of  an  iron 
wire  This  requires  leaving  for  a  few  days,  so  that  the  expulsion 
of  air  may  be  shown  at  one  lesson  and  the  result  of  the 
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absorption  at  the  next.  The  oxygen  in  dissolved  air  is  about 
two-fifths  of  its  bulk,  instead  of  one-iifth,  as  it  is  in  ordinary 
atmospheric  air. 

Another  method  of  preparing  ozone  is  by  placing  a  little  ether 
at  the  bottom  of  a  beaker  and  holding  a  warm  glass  rod  in  the 
vapour  that  is  given  off  even  at  common  temperatures.  The  oxygen 
liberated  by  the  electrolysis  of  water  always  contains  ozone  enough 
to  react  on  starch-paper,  and  sometimes  to  bleach  a  weak  solution 
of  indigo. 

The  colour  of  chlorine  cannot  well  be  observed  by  gas-light ;  in 
evening  classes  a  piece  of  magnesium  wire  should  therefore  be  burnt, 
by  the  light  of  whicb  its  greenish  colour  is  clearly  perceptible. 
A  mixture  of  chlorine  and  hydrogen,  however,  is  liable  to  be 
exploded  by  this  actinic  light ;  if,  therefore,  a  jar  of  such  a  mixture 
happens  to  have  been  prepared  for  a  subsequent  experiment,  it 
should  be  covered  while  the  light  is  used.  There  are  very  many 
experiments  designed  to  show  the  energy  with  which  chlorine  com- 
bines with  metals.  Iron  or  brass  wire  may  be  burnt  in  the  gas,  as 
in  oxygen.  Chlorine  may  be  passed  over  iron  filings  or  granulated 
tin  heated  in  a  bulb-tube;  the  chlorides  produced  volatilise  and 
condense  in  a  cooler  part  of  the  tube.  Dutch-metal  lowered  into  a 
jar  of  chlorine  inflames  spontaneously,  and  is  converted  into  cupric 
and  zincic  chlorides.  A  neater  way  of  showing  this  is  to  fill  a  dry 
gas-jar  with  leaves  of  Dutch-metal  loosely  packed,  and  then  invert 
a  jar  of  dry  chlorine  over  it,  so  that  the  gas  falls  upon  the  metal, 
which  is  consumed  with  a  dull  red  glow.  This  experiment  also 
illustrates  the  great  density  of  chlorine. 

Among  hydrogenous  compounds  that  are  spontaneously  decom- 
posed by  chlorine  are  turpentine  and  ammonia,  into  which  may 
be  dipped  pieces  of  filter-paper,  which  are  afterwards  introduced 
into  the  gas.  Carbon  is  copiously  liberated  from  turpentine,  and 
chloride  of  nitrogen  is  (possibly)  formed  in  the  reaction  with 
ammonia,  causing  a  dull  combustion. 

The  action  of  chlorine  as  a  bleaching  and  disinfecting  agent 
may  also  be  shown  by  introducing  into  the  gas  some,  paper  with 
both  printing  and  writing  upon  it :  the  writing-ink  is  discharged, 
and  the  printing-ink  unaffected,  its  base  being  carbon.  A  jar  of 
chlorine  should  be  placed  mouth  to  mouth  with  one  of  sulphu- 
retted hydrogen  of  half  its  capacity,  and  the  entire  destruction  of 
the  unpleasant  smell  noted.    The  solution  of  the  gas  should  be 
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shown  to  have  similar  properties  to  the  giis  itself,  a  piece  of  gold- 
leaf,  for  instance,  being  dissolved  by  it. 

All  these  experiments  ought  to  be  performed  in  a  stink-cup- 
board, -with  a  good  draught,  as  chlorine  is  excessively  irritating  to 
the  lungs. 

The  preparation  of  chlorine  from  a  mixture  of  common  salt, 
manganic  dioxide,  and  sulphuric  acid  should  be  shown,  as  also  a 
method  of  procuring  it  in  the  cold  by  the  action  of  hydrochloric 
acid  upon  bleaching-powder. 

The  volumetric  composition  of  hydrochloric  acid  may  be  shown, 
if  the  apparatus  mentioned  in  the  text  is  not  accessible,  by  decom- 
posing a  measured  volume  of  the  gas  with  sodium,  zinc,  or  mag- 
nesium filings.  Half-fill  a  long  test-tube  or  a  similar  stouter  tube 
with  hydrochloric  acid  gas  over  mercury,  the  level  of  which  should 
be  marked,  and  introduce  into  it  a  pellet  of  sodium  or  a  few  filings 
of  zinc  or  magnesium  loosely  screwed  up  in  tissue-paper.  Shake 
up,  the  thumb  firmly  stopping  the  mouth  of  the  tube,  and  pro- 
tecting the  closed  end  with  the  other  hand.  On  reopening  the 
tube  under  mercury  the  metal  will  rise,  showing,  if  the  experi- 
ment has  been  carefully  performed,  that  exactly  one-half  of  the 
gaa  has  disappeared,  and  the  other  half  can  by  ignition  be  recog- 
nised as  hydrogen. 
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This  appears  to  be  the  most  conYenient  place  to  introduce 
the  consideration  of  the  compounds  of  chlorine  and  oxygen. 
There  are  not  many  illustrations  adapted  for  employment 
before  classes.     The  most  noteworthy  characteristic  of 
oxides  of  chlorine— viz.,  their  instability— may  be  well 
shown  by  the  explosion,  on  contact  with  a  hot  wire,  of  chloric 
peroxide  (39).    Generate  this  gas  in  stout  glass  cylinders, 
in  which  a  small  quantity  of  strong  sulphuric  acid  is  placed, 
and  in  the  acid  di'op  a  few  grains'  weight  of  well-dried 
and  finely-powdered  potassic  chlorate.    Immediate  action 
ensues,  and  the  heavy  chloric  peroxide  drives  out  the  air 
from  the  jars,  which  are  loosely  covered  with  pieces  of 
card.    Test-tubes  may  be  employed,  but  they  must  be  pro- 
tected by  a  casing  of  gauze  or  a  spiral  of  wire.    When  the 
gas  is  perceived  by  its  colour  to  pervade  the  vessel  com- 
pletely, a  red-hot  iron  wire  may  be  introduced,  and  the  gas 
will  be  decomposed  at  once,  perhaps  with  a  sharp  explosion. 
It  is  well  to  have  another  experiment  in  reserve  to  illustrate 
this  same  point — viz.,  the  spontaneous  combustion  of  phos- 
phorus under  water,  in  contact  with  peroxide  of  chlorine 
(40).    A  piece  of  phosphorus  is  placed  at  the  bottom  of  a 
deep  test-glass  or  beaker  containing  water,  and  covered 
with  a  few  large  crystals  of  potassic  chlorate.    By  aid  of  a 
long  funnel  strong  sulphuric  acid  is  now  poured  directly 
upon  the  crystals  without  mixing  with  the  water.  A  speedy 
evolution  of  gas  is  the  result,  which  is  decomposed  with 
flashes  of  light  immediately  on  coming  in  contact  with  the 
phosphorus.    A  solution  of  hniwclilorouii  acid  may  be  pre- 
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pared  before  the  class  (41),  by  passing  a  stream  of  chlorine 
(by  means  of  the  same  apparatus  already  used)  through 
water  in  which  mercuric  oxide  is  suspended.  The  acid 
solution  should  be  poured  off,  and 'its  bleaching  powers 
exhibited.  The  preparation  of  potassic  chlorate  should  be 
illustrated  (42)  by  passing  chlorine  through  boiling  milk 
of  lime,  mixing  the  product  containing  calcic  chlorate  with 
potassic  chloride,  and  crystallising  out  the  less  soluble 
potassic  chlorate.  This  experiment  must  be  begun  one 
week  and  finished  the  next. 

Boron  may  now  be  taken.  The  manufacture  of  boric 
acid  in  Tuscany  is  more  a  matter  of  description  than  of 
illustration,  but  it  will  be  well  to  show  the  precipitation  of 


Fig.  24. 

boric  acid  from  a  hot  saturated  solution  of  borax  by  strong 
hydrochloric  acid  (43).  On  stirring  and  coohng,  innumer- 
able spangles  of  boric  acid  are  deposited.  The  pecuhar 
action  of  boric  acid  on  turmeric-paper  may  be  shown,  as 
well  as  its  feeble  action  upon  htmus  solution,  and  the  green 
tint  given  to  burning  alcohol  by  a  mixture  of  borax  and 
strong  sulphuric  acid  (44). 

Garhon.— This  element  may  be  shown  to  exist  m  car- 
bonic dioxide  by  passing  this  gas,  well  dried,  over  heated 
potassium  in  a  bulb-tube  (fig.  24).  Or  perhaps  it  might 
better  be  introduced  by  charring  a  piece  of  wood  in  a  test- 
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tube  (45),  or  by  burning  a  splinter  of  wood  in  deficit  of  air, 
as  in  a  test-tube.    Compare  this  with  the  result  of  burning 
wood  completelj,  and  point  out  that  in  the  one  case  the  car- 
bon has  been  prevented  from  burning  away,  while  in  the 
other  it  has  been  allowed  to  burn  away  entirely.  This 
explains  the  rationale  of  charring  wood  in  billet-heaps,  or  in 
cast-iron  retorts.   Naturally,  there  is  much  carbonic  dioxide 
diflPused  thi^oughout  the  air,  as  may  be  proved  by  exposing  a 
saucer  of  lime-water,  which  absorbs  it  (46).    The  gas  might 
even  be  prepared  from  atmospheric  air,  if  some  substance 
could  be  employed  to  fix  it.    Mortar  thus  collects  carbonic 
anhydride,  and  by  acting  on  old  mortar  with  dilute  hydro- 
chloric acid  (47),  the  weaker  carbonic  acid  may  be  dis-. 
placed,  and  its  presence  proved  by  its  extinction  of  a  light. 
Whence  comes  this  oxide  of  carljon  in  the  air  ?    By  com- 
bustion and  respiration.    All  our  ordinary  fuels  produce 
carbonic  anhydride  by  their  combustion.     Show  a  taper 
burning  in  a  jar  of  air  over  lime-water  which  is  at  first 
clear,  but  on  agitation  after  combustion  becomes  clouded 
(49).    To  illustrate  the  production  of  carbon  dioxide  by 

respiration  use  Faraday's  apparatus 

for  inspiring  air  which  passes  throuhg 

lime-water  (fig.  25),  so  as  to  deprive 

it  of  its  carbonic  anhydride,  and  ex- 
piring it  through  a  separate  supply  of 

lime-water  (48). 

Carbonic  acid   gas  may  now  be 

prepared  (by  displacement,   fig.  26) 

and  studied  (50).    Marble  is,  perhaps, 

the  best  source,  and  an  acid  such  as 

hydrochloric,  which  forms  a  soluble 

calcium  salt,  should  be  used  with  it. 

First  show  the  feebly  acid  property 

of  the  gas  (52),  by  shaking  up  with 

it  a  solution  of  litmus,  which  becomes  of  a  port- wine  tint 

strongly  contrasted  with  the  brilliant  scarlet  produced  by 
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stronger  acids.  2.  The  heaviness  of  carbonic  anhydride 
may  be  demonstrated  in  several  ways,  (a)  Pour  the  gas 
into  a  balanced  vessel,  mouth 
uppermost  (fig.  27).  (b) 
Decant  or  lift  (fig.  28)  it 
from  one  vessel  to  another, 
and  test  its  removal  by  a 
taper,  or  pour  it  down  upon 
a  taper.  (c)  Blow  soap- 
bubbles,  and  float  them  on 
the  surface  of  a  large  vessel  of 
the  gas,  like  cork  upon  water 
(51).  If  the  gas  is  drawn  off  from  below  (as  shown  in 
fig.  29),  the  bubble  sinks.    The  gradual  sinking  of  a  bubble 


Fig.  26. 


Fig.  27. 

and  its  sudden  rebound  on  reaching  the  heavier  gas  are 
very  striking,  if  this  experiment  is  neatly  done.  Notice,  too, 
the  gradual  growing  of  the  bubble  till  it  bursts,  by  trans- 
fusion of  carbonic  anhydride  into  its  interior.     If  the 
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bubble  is  persistent  (as  tbose  made  of  soap  and  glycerin), 
it  becomes  of  tbe  same  density  as  the  gas,  and  ultimately 
sinks,  (d)  Or  the  gas  may  be  drawn  by  a  tap  from  vessel 
to  vessel,  or  siphoned  off;  or  its  shadow  may  be  cast  on 
a  white  screen,  as  in  the  case  of  hydrogen  (Lect.  II.),  but 
in  this  instance  the  tube  from  which  the  gas  issues  should 


Fig.  28.  Fm.  29. 


be  turned  upwards.  3.  Show  the  gas  to  be  non-inflam- 
mable, and  a  non-supporter  of  combustion  (53). 

Yet  this  incombustible  gas  may  be  transformed  into  a 
gas  that  shall  burn.  Show  this  by  passing  carbonic  anhy- 
dride over  ignited  carbon,  contained  in  an  iron  tube  (54). 
The  issuing  gas  must  be  washed  in  caustic  alkali,  to  free  it 
from  unchanged  carbon  dioxide.  Thus  the  inflammable 
gas  carbonic  oxide  is  produced.  Another  mode  of  prepara- 
tion is  by  decomposing  oxalic  acid  with  strong  sulphuric 
acid  (55);  a  mixture  is  given  off  of  equal  volumes  of  car- 
bonic anhydride  and  carbonic  oxide ;  the  former  is  separated 
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by  washing  in  an  alkaline  solution,  and  the  latter  is  collected 
(fig.  30).  Perhaps  the  best  mode  of  pi'eparing  the  gas,  but 
still  with  a  slight  contamination  of  carbonic  anhydride,  is 
to  heat  well-dried  yellow  prussiate  of  potash  with  nine 
times  its  weight  of  strong  sulphuric  acid  (56).  The  action 
requires  watching :  it  is  at  first  slow,  then  violently  quick, 
as  the  temperature  rises. 

Demonstrate  the  properties  of  carbonic  oxide.  1.  Its 
inflammability  (fig.  31)  and  flame-extinguishing  power  (57). 


Fig.  30. 


2.  Its  want  of  action  on  lime-water  (well  wash,  with  caustic 
soda,  the  specimen  used  for  this  test).  3.  Its  change  on 
burning  into  carbonic  anhydride ;  place  lime-water  in  a  jar 
of  cabronic  oxide;  ignite,  then  shake  up  (58). 

Nitrogen. — The  consideration  of  this  element  may  be  ap- 
proached through  ammonia,  or  through  atmospheric  air ; 
perhaps  the  last  is  best  suited  for  an  elementary  class.  Or- 
dinary combustion  is  supported  by  the  oxygen  of  the  atmo- 
sphere, of  which  the  residual  gas  will  not  support  combustion. 
A  convenient  mode  of  preparing  nitrogen  from  air  is  by 
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using  some  combustible  matter.  Ordinary  combustibles  are 
not  available,  for  two  reasons  :  1.  They  do  not  remove  all 
the  oxygen.  2.  They  introduce  a  contaminating  gas.  Phos- 
phorus has  neither  disadvantage,  and  is  generally  employed 
(59).  Use  as  large  a  cylinder  as  is  available  (fig.  32). 
Draw  attention  to  the  fames  of  pbosphoric  pentoxide,  which 


Fig.  31. 


are  soluble  in  water.  Decant  nitrogen  into  smaller  jars,  and 
demonstrate  its  properties.  Nitrogen  may  also  be  jorepared 
by  heating  ammonic  nitrite,  or  what  is  practically  the  same 
thing,  from  concentrated  solutions  of  sodic  nitrite  and  am- 
monic cbloride,  mixed  and  boiled  (60).  But  the  simplest 
plan,  though  somewhat  hazardous,  is  by  acting  with  chlorine 
on  concentrated  solution  of  ammonia  (61).  Caution  is 
necessary,  on  account  of  the  possible  formation  of  exjilo- 
sive  chloride  of  nitrogen  ;  hence  it  is  advisable  to  use  fresh 
ammonia  for  each  experiment.  Ammonia  must  be  in  great 
excess,  turmeric  or  litmus-paper  being  .  kept  in  the  solu- 
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tion  as  a  guide  to  the  operator.  Wide  connecting  tubes 
should  be  used,  on  account  of  the  formation  of  ammonic 
chloride,  which  might  choke  up  narrow  tubes.  Flashes  of 
light  attend  the  decomposition.  Excess  of  ammonia  vapour 
must  be  absorbed  in  a  wash-bottle  containing  moistened 
fragments  of  glass  before  collecting  nitrogen. 

Properties  of  Nitrogen. — 1.  It  will  not  bum,  nor  support 
combustion  (62).  Yet  this  statement  requires  qualification. 
The  combustibility  of  a  gas,  as  we  observe  it,  depends  on 
its  ignition-point  being  within  the  reach  of  our  conditions. 
If  the  electric  spark  (which  is  as  much  hotter  than  a  blast- 
furnace as  that  is  hotter  than  ice)  be  passed  through  a 
mixture  of  nitrogen  and  oxygen,  they  combine,  or  burn 
together,  and  in  ten  or  fifteen  minutes  red  fumes  are  formed 
and  demonstrate  the  union  (63).  At  an  increased  pressure 
the  burning  is  more  rapid  ;  at  forty  or  fifty  atmospheres  it 
is  almost  as  fast  as  that  of  hydrogen.  In  this,  as  in  other 
cases,  it  is  found  that  the  intensity  of  light  is  augmented 
by  pressure.  In  elementary  classes  this  might  be  inex- 
pensively shown  by  using  a  cucumber-glass  14  or  15  inches 
long,  ground  at  the  ends,  so  that  glass  plates  may  be 
cemented  on,  a  hole  being  pierced  about  the  middle  for 
inserting  a  cork  with  wires  for  passing  the  spark.  Viewed 
through  this  length  of  tube,  red  fumes  are  evident  in  a  few 
minutes.  2.  Show  the  neutrality  of  well-washed  nitrogen, 
as  well  as  its  want  of  action  upon  lime-water  (64). 

The  igniting-point  of  various  substances  may  here  be 
considered.  Some  finely  divided  substances  ignite  at  or- 
dinary temperatures,  as  various  pyi^ophori,  zinc-ethyl,  &c. 
Hofmann's  phosphorus-bases  are  similarly  igniscible.  Car- 
bonic disulphide  is  ignited  at  a  temperature  far  below 
redness  ;  its  vapour  may  be  hghted  by  a  tube  of  hot  oil 
(310°  F.)  or  a  glass  rod  heated,  but  still  cool  enough  to  be 
momentarily  borne  by  the  fingers.  Igniting-points  of  gases 
vary,  that  of  hydrogen  being  lowest,  then  coal-gas,  cannel- 
gas,  and  marsh-gas.  Nitrogen  will  not  burn,  simply  because 
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our  ordinary  flames  do  not  reacli  its  igniting-point.  The 
oxyhydrogen  flame  efiects  some  combustion  of  nitrogen. 
The  old  miners'  steel  mill  ignites  hydrogen,  also  coal-gas, 
but  not  so  easily ;  cannel-gas  not  at  all,  still  less  marsh- 
gas,  its  igniting-point  being  too  high.  As  these  sparks 
are  really  burning  iron,  and  therefore  have  a  very  high 
temperature,  it  is  rather  surprising  that  they  will  not 
ignite  these  gases.  The  subject  deserves  examination.  If 
three-fourths  of  the  nitrogen  in  air  be  replaced  by  oxygen, 
a  jet  of  hydrogen  burning  in  the  mixture  will  effect  com- 
bination to  form  nitric  peroxide.  As  the  igniting-point  of 
nitrogen  is  higher  than  the  temperature  produced  by  its 
combustion,  the  combination  only  occurs  in  the  path  of 
the  electric  spark  or  in  contact  with  flame.  If  it  were 
otherwise  combination  would  go  on  throughout  the  mix- 
ture of  gases  with  explosive  violence,  as  in  case  of  a  mixture 
of  hydrogen  and  oxygen.  The  luminosity  of  marsh-gas  is 
practically  zero,  as  is  also  that  of  hydrogen  and  carbonic 
oxide  ;  so  their  presence  in  coal-gas  in  any  quantity  cannot 
possibly  improve  its  lighting  power. 


Addenda  to  Lecture  IV. 

The  oxidising  power  of  potassic  chlorate  may  be  utilised  in  a 
few  other  experiments.  A  few  grains  of  it  may  be  triturated  with 
the  same  minute  quantity  of  flowers  of  sulphur  in  a  mortar;  a 
series  of  detonations  indicates  the  violeuce  of  the  action.  Sulphide 
of  antimony  may  be  employed  instead  of  sulphur;  a  mixture  of 
this  kind  was  formerly  employed  as  a  fulminating  powder.  In 
these  experiments  it  is  well  to  protect  the  hand  with  an  old  glove. 
A  minute  quantity  of  amorphous  phosphorus  placed  on  a  little 
powdered  potassic  chlorate  detonates  on  pressure  with  the  blade 
of  a  knife.  Hypochlorous  acid  may  be  more  easily  prepared  by 
shaking  up  mercuric  oxide  in  a  stoppered  bottle  containing  strong 
solution  of  chlorine,  and  filtering. 

In  connection  with  borax  it  will  be  well  to  explain  the  nature 
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of  the  reactions  of  metallic  oxides  with  the  borax  head.  Illustra- 
tions of  this  may  easily  be  given  to  the  class,  and  a  few  beads 
prepared  beforehand  with  cobalt,  iron,  copper,  chromium,  &c.  can 
be  handed  round  for  examination.  A  very  interesting  example  of 
reciprocal  action  may  be  shown  with  boric  acid.  This  acid  is  pre- 
cipitated from  its  solutions  at  low  temperatures  by  hydrochloric 
and  sulphuric  acids.  At  high  temperatures,  however,  boric  acid 
displaces  them  in  turn.  This  may  be  shown  by  heating  a  mixture 
of  boric  acid  and  sodic  chloride  in  a  porcelain  crucible,  above  which, 
when  sufBciently  heated,  may  be  held  litmus-paper  and  a  glass  rod 
dipped  in  solution  of  ammonia  or  nitrate  of  silver.  The  reddening 
of  the  test-paper  and  the  formation  of  white  clouds  or  of  a  cloudy 
white  precipitate  prove  hydrochloric  acid  to  be  liberated. 

A  less  troublesome  mode  of  showing  the  existence  of  carbon  in 
carbonic  anhydride  is  to  burn  magnesium  ribbon  in  the  gas,  wlien 
flakes  of  carbon  are  deposited  on  the  sides  of  the  jar  along  with  a 
little  magnesia,  which  last  may  be  dissolved  away  by  hydrochloric 
acid.  Similar  flakes  of  carbon  may  be  separated  from  chalk  by 
heating  it,  powdered,  in  a  dry  test-tube' with  a  piece  of  phosphorus. 
A  good  illustration  of  the  circulation  of  carbon  in  nature  is  aflbrded 
by  passing  a  very  slow  stream  of  oxygen  over  ignited  charcoal,  and 
collecting  ajar  of  the  carbonic  acid  thus  produced,  in  which  mag- 
nesium may  be  burnt,  to  recover  the  carbon  which  was  oxidised. 
The  solubility  of  carbonic  anbydi'ide  should  be  illustrated  by  a  bottle 
of  soda-water,  from  which  by  a  '  champagne- tap'  may  be  drawn 
more  than  its  own  volume  of  the  gas.  Here  it  may  be  explained 
that  water  dissolves  an  equal  volume  of  carbonic  acid  gas,  at  what- 
ever pressure  it  may  happen  to  be.  The  solubility  of  alkaline  car- 
bonates in  a  solution  of  carbonic  acid  gas  should  be  shown,  and 
their  re-precipitation  on  addition  of  lime-water.  With  respect  to 
the  apparent  burning  of  magnesium  and  potassium  in  carbonic  an- 
hydride, it  should  be  explained  that  this  combustion  is  efl^ected  at 
the  expense  of  the  oxygen  of  the  compound.  The  temperature  of 
the  heated  metals  must  be  high  enough  to  decompose  it,  or  the 
combustion  will  not  take  place. 

An  important  illustration  of  the  volumetric  composition  of  car- 
bonic anhydride  should  be  shown  if  possible.  A  U-shaped  tube 
is  necessary,  with  a  bulb  blown  in  one  limb,  capable  of  being 
closed  by  a  stopper,  through  which  pass  two  copper  wires  sustain- 
ing a  deflagrating  ladle  of  bone-earth  containing  a  minute  piece  of 


EUDIOMETRY. 


43 


charcoal.  The  bulb  being  tilled  with  dry  oxygen,  mercury  equalised 
in  each  limb,  and  the  level  marked,  the  charcoal  is  ignited  by  the 
"■ttlvanic  current.    The  oxygen  is  thus  converted  into  carbonic  an- 
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hydride,  which  on  cooling  is  observed  to  occupy  exactly  the  same 
volume  as  the  original  oxygen. 

In  preparing  carbonic  oxide  great  care  should  be  taken  to 
remove  all  carbonic  anhydride,  especially  from  those  jars  of  the  gas 
designed  to  show  its  want  of  action  upon  lime-water.  When 
preparing  it  by  the  action  ot  sulphuric  upon  oxalic  acid, 
it  will  be  well  to  collect  a  jarful  of  the  mixed  gases,  and, 
by  submitting  this  mixture  to  the  action  of  a  caustic 
alkali,  to  show  that  exactly  one  half  of  it  is  absorbed, 
the  remaining  half  being  carbonic  oxide.  With  re- 
ference to  the  usefulness  of  carbonic  oxide  generated 
in  smelting  furnaces,  its  reducing  powers  should  be 
illustrated  by  passing  a  stream  of  the  dried  gas  over 
heated  oxide  of  copper  or  of  iron,  much  in  the  same 
manner  as  described  already  (p.  22)  in  the  case  of 
hydrogen  (fig.  33).  In  this  experiment  prove  the 
formation  of  carbonic  anhydride  by  leading  it  into 
lime-water. 

In  preparing  nitrogen  from  atmospheric  air  atten- 
tion should  be  drawn  to  the  proportions  in  which  oxygen 
and  nitrogen  occur  in  the  mixture.  In  measuring  this 
— unless  very  accurate  instruments  are  available — 
carbonic  anhydride  may  be  omitted  from  considera- 
tion. A  useful  eudiometer  for  the  purpose  is  one 
made  out  of  a  piece  of  half-inch  glass  tubing,  on  the 
principle  of  a  Cooper's  receiver,  the  longer  limb  being  divided 
into  100  divisions  (fig.  34).    This  instrument  is  first  tilled  with 


Fig.  34. 


44 


HOW  TO  TEACH  CHEMISTRY. 


■water.    The  air  to  be  examined  is  then  introduced,  and  the  level 

of  the  -water  adjusted  to  the  zero  of  the  scale.  A  few  drops  of 
■water  being  now  removed  from  the  open  end  of  the  eudiometer 
by  a  tube,  their  place  is  supplied  by  an  equal  quantity  of  solu- 
tion of  potassic  pyrogallate ;  or,  what  is  the  same  thing;,  solutions 
of  caustic  potash  and  pyrogallic  acid  are  separately  used  to  refill 
the  open  end.  The  instrument  is  now  closed  with  the  thumb 
and  violently  shaken,  to  promote  absorption,  and  then  opened 
under  water,  so  that  the  liquid  may  rise  and  its  level  be  ascer- 
tained. All  measurements  must  be  taken  after  the  eudiometer 
has  been  immersed  in  a  glass  cylinder  containing  water,  so  as 
to  counteract  the  expansion  caused  by  the  warmth  of  the  hand, 
and  while  the  water  is  standing  at  the  same  level  both  within 
and  without  the  tube. 
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LECTURE  V. 

In  treating  of  the  compoTinds  of  nitrogen  and  oxygen, 
nitrous  oxide,  as  the  simplest,  may  be  taken  first.  Some- 
times, however,  it  might  be  well  to  begin  with  nitric  acid, 
as  the  origin,  directly  or  indirectly,  of  all  nitrogen  oxides. 
In  preparing  nitrous  oxide,  ammonic  nitrate  should  be 
first  fused,  so  as  to  drive  off  its  water.  As  glass  is  liable  to 
be  overheated,  a  porcelain  dish  should  be  used,  and  the  fused 
salt,  just  as  it  begins  to  decompose,  poured  out  upon  an 
iron  plate  to  cool;  it  should  then  be  coarsely  powdered. 
This  plan  avoids  tho  condensation  of  steam  in  the  upper  part 
of  the  flask,  and  consequent  risk  of  cracking,  as  well  as  saves 
time.  When  collecting  the  gas  the  heat  should  be  mode- 
rated after  fusion  has  commenced,  to  prevent  a  too  stormy 
evolution  of  gas.  It  might  be  well  to  show  the  actual 
formation  of  ammonic  nitrate  by  the  neutraUsation  of 
nitric  acid  "with  ammonic  carbonate,  and  crystallising  out 
the  product  (65).  In  showing  the  effect  of  nitrous  oxide 
upon  combustibles  (67),  the  burning  body,  as  sulphur, 
should  be  immersed  in  the  gas  while  feebly  burning — it  is 
extinguished ;  on  repeating  the  experiment  with  strongly 
burning  sulphur  it  continues  to  burn,  and  with  increased 
brilliancy,  almost  as  if  in  oxygen  (66).  The  gas  itself  is 
really  not  a  supporter  of  combustion  (67).  If  a  burning 
body  generates  sufficient  heat  to  decompose  it,  the  liberated 
oxygen  stimulates  the  flame,  the  nitrogen  taking  no  part 
in  it.  Precisely  the  same  thing  may  be  observed  in  the 
case  of  carbonic  anhydride  passed  over  ignited  potassium  : 
the  oxygen  of  the  gas  burns  with  the  metal,  and  carbon  is 
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deposited.  Magnesium  ribbon  will  also  bum  in.  the  oxygen 
of  carbonic  anhydride.  The  term  '  supporter  of  com- 
bustion '  is  quite  relative.  Any  electro-negative  consti- 
tuent of  a  body  that  can  be  wrested  out  of  its  compounds 
by  a  more  electro-positive  element  (as  oxygen  out  of  car- 
bonic anhydride  by  potassium)  may  be  considered  as  a 
supporter  of  combustion. 

Nitric  oxide  also  illustrates  this  property.  It  may  be 
prepared  in  the  usual  way — by  placing  copper  turnings  in 


Fig.  35. 


a  Woulf's  bottle,  covering  them  with  water,  and  adding 
nitric  acid  through  a  funnel.  Notice  that  red  fumes  are 
first  formed,  and  then,  when  all  the  free  oxygen  in  the 
generating  vessels  is  got  rid  of,  the  colourless  nitric  oxide 
comes  ofi".  A  taper  is  extinguished  in  this  gas  (70),  so  also 
is  feebly-burning  phosphorus.  But  give  the  phosphorus 
time  to  become  intensely  heated,  and  it  decomposes  nitric 
oxide,  and  burns  brilliantly  at  the  expense  of  its  oxygen — 
not  so  brilliantly  as  in  pure  oxygen,  however,  because  there 
is  a  considerable  amount  of  inert  nitrogen  which  shares  in 
the  heat  generated.  Temperature,  as  well  as  density,  in- 
fluences the  amount  of  light  given  off  by  burning  bodies. 
Nitric  oxide  is  a  test  for  free  oxygen,  with  which  it  combines, 
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forming  the  niclcly  fumes  befoi-e  mentioned.  Illustrate  this 
(fig.  35)  by  decanting  into  a  tall  jar  standing  in  the  jjneu- 
matic  trough,  and  half-full  of  nitric  oxide,  an  equal  volume 
of  oxygen  (69).  Immediate  combination  ensues,  indicated 
by  the  generation  of  heat  and  considerable  expansion,  and 
subsequent  rising  of  the  water,  as  it  dissolves  the  newly- 
formed  higher  ruddy  oxide.  Eepeafc  this  experiment, 
mixing  equal  volumes  of  nitric  oxide  and  nitrous  oxide, 
in  which  there  is  no  free  oxygen,  and  show  that  no  absorp- 
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tion  or  formation  of  brown  fumes  occurs.  This  test  dis- 
tinguishes between  free  oxygen  and  the  only  gas  likely  to 
be  mistaken  for  it. 

Nitrous  Anhydride. — A  small  quantity  of  this  should  be 
prepared  before  the  class  by  the  reducing  action  of  arsenious 
anhydride,  or  starch,  upon  strong  nitric  acid,  and  collected 
by  displacement  (72).  A  specimen  should  be  shown  of 
the  condensed  gas  (prepared  as  shown  in  fig.  36),  sealed 
in  a  tube,  and  kept  in  cold  water.  The  double  action  of 
nitrous  acid  as  a  reducing  and  oxidising  agent  should 
be  shown.  Sodic  nitrite  added  to  a  solution  of  potassic 
permanganate  acidified  with  sulphuric  acid  is  reduced  and 
decolorised  (73).    If  added  to  acidified  indigo  or  magenta, 


48 


HOW  TO  TEACH  CHEMISTRY. 


the  colour  is  discharged  by  oxidation  and  nitrous  oxide  is 
liberated  (74). 

Nitric  Peroxide. — Prepared  by  heating  plumbic  nitrate, 
previously  powdered,  to  decrease  decrepitation  (75).  This 
decomposes  into  litharge,  left  in  the  flask,  oxygen  given  off, 
and  nitric  peroxide,  which  may  be  condensed  in  a  U-tube, 
surrounded  by  ice  and  salt. 

Nitric  Acid. — This  should  be  prepared  in  three  ways : 
1.  By  heating  a  mixture  of  sulphuric  acid  with  twice  its 
weight  of  potassic  nitrate,  the  proportions  used  in  manu- 
facture. Show  the  great  heat  required,  and  the  risk 
of  loss  by  decomposition,  proved  by  production  of  brown 
fumes  and  of  oxygen.    2.  By  heating  more  gently  a  mix- 
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ture  of  sulphuric  acid  with  its  own  weight  of  potassic  nitrate. 
In  this  case  a  less  coloured  liquid  is  produced.  Of  course 
the  retort  must  befitted  with  a  condenser  in  these  cases  (fig. 
37) .  3.  By  pouring  a  little  concentrated  hydroxyl  into  a  jar 
of  nitric  peroxide  and  agitating  (77)  ;  the  coloui-  of  the  gas 
disappears,  heat  is  generated,  and  a  true  chemical  union 
is  effecbed,  precisely  analogous  to  that  of  hydrogen  and 
chlorine.  This  may  be  used  as  a  good  illustration  of  the 
behaviour  of  compound  radicals,  and  some  explanation  of 
this  subject  introduced.  The  acid  prepared  by  each  of  these 
methods  should  be  roughly  tested,  say  by  addition  of  cop- 
per turnings,  and  proved  to  be  similar.     Illustrate  the 
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oxidising  effect  of  nitric  acid  upon  metals  by  a  little  copper 
or  tin  (78)  ;  upon  carbon  by  deflagrating  a  mixture  of  cbar- 
coal  15  parts,  and  nitre  75  parts,  or  by  melting  some  nitre 
in  a  Florence  flask,  and  when  it  is  quite  liquid  dropping 
into'  it  a  few  small  pieces  of  charcoal  (79).  Then  show  its 
want  of  action  upon  gold-leaf  by  shaking  up  a  few  leaves 
in  the  strong  acid  (80),  and  if  convenient  leaving  to  stand 
for  a  week.  Having  done  the  same  with  gold-leaf  and 
hydrochloric  acid  (81),  the  two  liquids  may  be  mixed  and 
stirred,  when  the  gold  will  be  dissolved  (82).  This  will 
introduce  aq^ua  regia,  upon  which  something  may  be  said. 

Ammonia. — The  more  prominent  properties  of  this  gas 
may  first  be  demonstrated.  Try  with  taper  and  inverted 
jar  (the  gas  being  lighter  than  air)  ;  the  flame  is  first 
slightly  enlarged  and  then  extinguished  (85).  The  enlarge- 
ment is  due  to  a  very  slight  and  evanescent  combustion  of 
the  gas.  Its  igniting  point,  like  that  of  nitrogen,  is  higher 
than  the  temperature  produced  by  its  combustion.  If 
heated  before  lighting,  or  started  from  a  higher  platform 
of  temperature,  as  it  were,  it  will  burn  better.  Hofmann's 
gas-furnace  may  be  used  with  good  effect  to  show  this,  by  a 
gradual  heating  till  the  gas  burns,  and  a  gradual  cooling  till 
it  goes  out.  Or  the  gas  may  be  burned  in  an  atmosphere  of 
oxygen  by  the  following  arrangement  (86).  A  short  tube, 
1^  inch  diameter,  corked  at  one  end,  is  taken.  Through 
the  cork  pass  two  tubes,  one  nearly  reaching  to  the  open 
end  of  the  wide  tube,  from  which  to  burn  ammonia,  and  the 
other  to  supply  oxygen.  A  loose  packing  of  cotton-wool 
is  so  placed  as  to  diffuse  the  oxygen  pretty  equally..  On 
lighting  the  ammonia  it  burns  with  a  lambent  green  flame, 
which,  when  the  oxygen  is  turned  off,  has  a  short  struggle 
for  existence,  and  then  dies  out.  The  solubility  in  water  of 
ammonia  should  be  shown  similarly  to  that  of  hydrochloric 
acid,  and  with  the  same  precautions  (84).  Its  alkalinity 
is  manifested  by  reddened  litmus  or  turmeric-paper  (87). 
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Show  collection  by  upward  displacement  (83,  fi^.  38),  and 
illustrate  the  process  of  manufacture  by  leading  the  gas 
through  Woulf 's  bottles  containing  water.  Heat  ammonic 
chloride  upon  platinum  foil,  to  illus- 
trate the  volatility  of  ammonia  salts, 
unless  they  contain  a  fixed  acid,  when 
the  base  only,  the  '  volatile  alkali,'  is 
driven  off  (88). 

Now  decompose  ammonia.  First  by 
passing  through  a  red-hot  tube  ;  wash 
the  issuing  gas  in  an  acid  liquor,  and 
use  acidified  water  in  the  pneumatic 
trough.  The  resulting  gas  has  lost 
the  properties  of  ammonia  gas.  It 
is  not  alkaline,  but  neutral ;  it  bui'ns 
readily  in  air,  and  it  is  insoluble  in 
water.  If  possible  decompose  by  the 
spark  stream  in  a  eudiometer,  fitted  with  a  caoutcliouc  cork, 
containing  a  tube  with  stopcock  to  admit  the  gas,  and  two 
copper  wires,  whereby  a  piece  of  cupric  oxide  enclosed  in  a 
spii-al  of  platinum  wire  may  be  heated  ;  platinum  wires  for 
jDassing  the  spark  are  also  fused  into  the  glass  in  the  usual 
manner.  Keep  the  pressure  of  mercury  high,  to  facilitate 
decomposition,  which  must  be  continued  until  the  volume 
of  gas  is  just  doubled.  Then  ignite  the  cupric  oxide  by  the 
galvanic  current ;  hydrogen  is  absorbed  and  nitrogen  left. 
If  any  ammonia  happens  to  be  undecomposed  it  will  be 
dissolved  by  the  produced  water,  and  the  volume  of  resi- 
dual gas  correspondingly  diminished.  A  suitable  piece  of 
cupric  oxide  can  be  prepared  by  calcining  a  piece  of  thick 
copper  wire  in  a  current  of  air.  Collect  also  nitrogen  and 
hydrogen  separately  by  electrolysing  one  volume  strong 
solution  of  ammonia  mixed  with  ten  volumes  saturated 
solution  of  common  salt.  Decompose  ammonia  gas  also  by 
chemical  means,  by  passing  over  heated  potassium  or  so- 
dium to  liberate  hydrogen,  and  by  passing  chlorine  through 
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its  solutioii  to  obtain  nitrogen,  as  previously  described. 
Now  sumnp  the  volume- relations  of  ammonia  and  illustrate 

by 


the"  fact  NH, 


N   +    H    H  H 


tism 


g 


the 


cubes  already  mentioned. 


Addenda  to  Lecture  V. 

It  is  a  very  instructive  method  of  studying  the  oxy-couipounds 
of  nitrogen  to  hegin  with  nitric  acid,  and  consider  the  results  of 
its  gradual  deoxidation.  As  a  matter  of  fact,  nitric  acid  is, 
directly  or  indirectly,  the  source  of  all  the  oxides  of  nitrogen,  and 
in  some  cases  it  is  even  reduced  to  nitrogen  or  ammonia.  There 
is,  therefore,  a  peculiar  fitness  in  this  method  of  bringing  a  series 
of  facts  before  the  minds  of  students.  The  following  equations 
will  indicate  the  mode  of  treatment : — 


SAgNOg  +    CI2  =  2AgCl  +  0  +  N.Oj 

4HNO3  +    Sn    =     SnOj  +  SHjO  +.  2N^0^ 

etlNOg  +  4Ag  =   4AgN03  +  3H„0  +  N„'o., 

8HNO3  +  iiCu  =  .SCuN.jOg  +  4H3O  +  N.'ol 

IOHNO3  +  4Zn  =  4ZnN3bs  +  50^0  +  N,^o' 

2KNO3  +  5Zn   =   5ZnO"  +  K^O  +  n'. 


2KNO3  +  6  KPIO  +  8Zn  =  8ZnO       +    4K2O   +  2NH3 

The  relationship  between  acids  and  their  anhydrides  may  here 
be  well  illustrated  by  the  nitrogen  series,  in  addition  to  boric  and 
carbonic  anhydrides,  already  mentioned.  The  analogy  of  these 
with  the  chlorine  series  should  also  be  alluded  to. 

Nitrogen  Series.  Chlorine  Series. 

Acids.   Ajihydrides.  '      Acids.  Anhydrides. 

Nitric  HNO3     N2O5      Chloric  PICIO3  — 

Nitrous  HNOo     N^Og       Chlorous        HCIO^  Cl^Oj 

Hyponitrous  (?)  HNO       N^O       Hypochlorous  HCIO^  Cl^O 

The  analogy  between  the  two  peroxides  of  nitrogen  and 
chlorine  should  be  pointed  out,  as  shown  in  their  similar  behaviour 

E  2 
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with  caustic  soda.  The  combination  of  two  oxides  may  be  illus- 
trated further  by  reference  to  the  f-oxides  of  iron  and  manganese, 
already  mentioned,  and  the  similar  nomenclature  shown  on  the 
black-board. 

Ferroso-ferric  oxide  FeO    +  Fe.,03     =  Fe304 

Mauganoso-manganic  oxide    MnO   +  Mn.^Oj    =  MugO^ 
Chloroso-chloric  anhydride  ^(Clfi^  +  G]fi.J)    =  CUO, 
Nitroso-nitric  anhydride       KN3O3  +  N2O5)    =  nJo^ 

The  production  of  ruddy  fumes  by  acting  with  metals  upon 
nitric  acid  should  be  pointed  out  as  a  test  for  the  acid.  The  com- 
mon test  for  nitrates  by  adding  strong  sulphuric  acid  and  ferrous 
sulphate  may  be  shown,  and  further  illustrated  by  absorbing  nitric 
oxide  with  a  solution  of  ferrous  sulphate,  and  boiling  out  the  gas 
again.  An  alternative  method  of  preparing  nitric  oxide  also  exem- 
plifies this — namely,  by  heating  a  mixture  of  nitre  (125  grains), 
ferrous  sulphate  (1,250  grains),  and  dilute  sulphuric  acid  (4  fluid 
ounces),  containing  one-fourth  its  volume  of  acid. 

A  neat  way  of  showing  the  easy  decomposibility  of  nitric  acid 
with  liberation  of  oxygen  is,  to  pour  nitric  acid  into  the  bowl  of  a 
tobacco7pipe  placed  in  an  inclined  position,  the  stem  being  heated 
to  redness  by  aBunsen  burner.  The  evolved  gas,  which  is  mainly 
oxygen,  may  be  collected  over  water  and  tested  with  a  lighted 
taper  in  the  usual  way. 

The  occurrence  of  ammonia  amongthe  products  of  the  destruc- 
tive distillation  of  organic  bodies  containing  nitrogen  should  be 
illustrated  by  heating  any  such  substance  (as  horn,  hair,  flannel, 
or  lean  meat)  with  caustic  soda  or  soda-lime,  when  the  odour  of 
ammonia  is  perceived  ;  and  turmeric-paper  or  a  rod  dipped  in 
hydrochloric  acid  may  be  held  to  the  mouth  of  the  tube  to  aff'ord 
further  proof. 

The  combination  of  ammonia  with  acids  (without  elimination 
of  any  incidental  product)  to  form  salts  analogous  to  those  of  the 
alkali  metals  should  be  well  explained  and  illustrated  by  symbols 
on  the  black-board.  The  so-called  '  ammonium-amalgam  '  can  be 
shown.  A  tall  glass  jar  two-thirds  full  of  a  strong  solution  of 
sal-ammoniac  should  have  poured  into  it  about  two  ounces  of 
sodium-amalgam.  In  a  few  seconds  the  amalgam  will  swell 
out  considerably,  sometimes  rising  and  floating  on  the  surface 
of  the  liquid.     The  ammonium  theory  should  receive  careful 
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attention,  and  the  intelligent  use  of  the  symbol  Am  for  NH^ 
practised  in  equations  where  no  decomposition  of  ammonium  is 
involved. 

The  frequent  natural  oxidation  of  ammonia 
into  nitric  acid  (the  reverse  of  the  instance 
already  quoted)  should  be  illustrated.  Per- 
haps the  simplest  experiment  for  this  purpose 
is  by  the  '  contact  action '  of  a  spiral  of 
platiuuui  wire  suspended  just  above  the 
surface  of  some  ammonia  solution  in  a  flask  or 
beaker  (fig.  39).  Notice  the  alternate  heating 
and  cooling  of  the  wire,  and  the  white  fumes 
of  amnionic  nitrite  rising  from  the  liquid. 
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LECTURE  VI. 

The  doctrine  of  atomicity  may  here  be  tauglit.  In  order 
to  fill  up  a  gap  in  the  chain  of  evidence,  it  will  be  well  to 
allude  to  the  constitution  of  marsh-gas,  which,  though  or- 
ganic, is  sufficiently  near  the  boundary-line  to  be  introduced 
without  doing  violence  to  the  order  laid  down.  Show  a  jar 
of  marsh-gas  and  demonstrate  its  properties  :  it  is  colour- 
less, transparent,  tasteless,  inodorous,  not  appreciably  harm- 
ful when  mixed  with  air  in  small  quantities,  though  at  11  oi; 
12  per  cent,  (exploding  proportions)  it  gives  a  headache ; 
it  is  lighter  than  air,  inflammable,  and  a  non-supporter  of 
combustion.  Decompose  a  measured  volume  by  the  electiic 
spark.  Double  its  measure  of  hydrogen  is  produced,  with 
a  deposit  of  solid  carbon,  mostly  on  the  negative  electrode  ; 
but  the  current  needs  occasional  reversing,  to  prevent  the 
formation  of  a  bridge  of  carbon  between  the  poles.  The 
volume  of  carbon  is  unknown ;  it  is  probably  one-fourth 
that  of  the  hydrogen  produced.  An  element  of  uncertaintj- 
in  this  demonstration  is  .  the  formation  of  a  small  quantity 
of  acetylene,  from  partial  decomposition  of  some  of  the 
marsh-gas.  This  increases  the  luminosity  of  hydrogen,  as 
may  be  seen  when  it  is  ignited,  and  should  be  explained. 
(It  would  be  a  most  valuable  improvement  if  coal-gas  could 
have  its  marsh-gas  converted  into  acetylene,  so  as  to  increase 
its  illuminating  power.)  To  render  it  more  evident  that 
marsh-gas  contains  cai'bon,  mix  in  a  tall  glass  jai'  two 
volumes  of  chlorine  with  one  volume  of  marsh-gas  (not  in 
simlight),  and  ignite.    Fumes  of  hydrochloric  acid  rise  in 
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the  air,  and  a  dense  deposit  of  carbon  remains  on  the  sides 
of  the  jar,  a  little  being  thrown  out  as  soot. 

Now  the  cubes  before  mentioned  may  be  employed  to 
illustrate  to  students  in  a  connected  form  the  facts  denoted 
by  the  following  symbols  : — 

HCl  =  H  +'C1 


H  CI 


CI   +  H 


H2O  =  H.,  +  0 
H3K  =  H3  +  N 
H4C  =  H4  +  C 


H 'O 


0   +   H  H 


H    H  H 


h;c I  =  I c I  +  I h I  ij^i  |h|  [h 


The  various  replaoeability  of  hydrogen  in  these  com- 
pounds should  be  clearly  enforced,  and  illustrated  by  glyptic 
symbols.  The  hydrogen  in  bydrochloric  acid  must  be  driven 
out  all  at  once  or  not  at  all — thus  :  H — CI  forms  K-^Cl. 
That  of  water  H — 0 — H  may  go  out  in  two  halves,  forming 
with  potassium  K — 0 — H  and  K — 0 — K  successively. 
H  H 

From  ammonia      N      the  hydrogen  maybe  abstracted  in 


H 


K 


H  K 


K  K 


K 


\  / 

\  / 

\  / 

three  instalments,  thus  : 

N 

N 

H 

1 

H 

1 

K 

H 

The  hydrogen  in  marsh-gas  H — C — H  cannot  be  similarly 

H 

replaced  by  a  metal,  but  chlorine  will  abstract  it  by  four 

CI 

successive  steps  to  form  chloride  of  methyl  H — C — H,  chlo- 

I 

H 
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CI 


CI 


ride  of  methylene  CI — C — H,  chloroform  CI — C — CI,  and 

H  H  • 

CI 

I 

chloride  of  carbon  CI — C — CI.    Thus  we  have  the  types  of 

I 

CI 

four  classes  of  elements — monads,  H'  and  CI' ;  dyads,  0'' ; 
triads,  N'"  ;  and  tetrads,  C". 

It  will  be  necessary  to  show  also  the  pentadic  nature  of 
nitrogen.  Streams  of  ammonia  and  hydrochloric  acid  gases, 
separate,  are  invisible,  or  nearly  so.  Allowed  to  mix,  they 
xmite  to  form  a  dense  white  cloud  of  sal-ammoniac.  Show 
this  more  perfectly  by  mixing  equal  volumes  of  these  gases 
over  the  mercury-trough  (89).  They  unite  with  heat  and 
condensation  on  the  sides  of  the  jar,  which  obscures  the  rise 
of  the  mercury ;  but  the  jar  can  be  closed  with  a  glass  plate 
and  inverted,  to  show  that  the  mercury  has  really  fiUed  it. 
Explain  to  students  the  nature  of  the 
H  H 

\y 

compound   formed   H — N — H,  and 

CI 

how  it  illustrates  the  quinquivalence 
of  nitrogen. 

Sulphur: — Describe  its  common 
forms  and  principal  sources.  Illus- 
trate its  analogy  to  oxygen,  shown  by 
the  combustion  of  metals  in  its  vapour 
(fig.  40)  and  specially  by  the  be- 
haviour of  certain  sulphides  on  heating,  and  exemplified  by 
the  equations  : — 

SMnOa  =  Mn304  -f  ' 
SFeSg  =  Fe3S4   +  Sj 


Fig.  40. 
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Describe  the  dimorpliistn  of  sulphur,  proved  by  its  crystal- 
lising in  one  form  from  solution  (fig.  41)  and  in  another  from 
fusion  (fig.  42)  :  this  last  may  be  shown  by  fusing  in  a  beaker, 
piercing  two  holes  in  the  solidified  crust  as  it  cools,  and  pour- 
ing out  the  liquid  from  the  interior.  Show  the  effect  of  heat 
on  sulphur  (91).  Heat  gently  and  cautiously.  Fusefirstto 
a  thin  mobile  liquid,  of  slight  viscosity  as  it  approaches  its 
fusion-point.  Increasing  the  heat,  observe  a  thickening  and 
darkening  in  colour,  till  the  tube  or  flask  may  be  inverted 
without  spilling  the  contents.  Heat  further  to  boiling- 
point,  the  liquidity  increases  and  viscosity  decreases.  On 
now  pouring  into  water  the  plastic  variety  is  obtained  (90). 


Fig.  41.  Fig.  42. 


A  better  mode  is  to  distil  from  a  retort  into  cold  water. 
Mention  the  gradual  return  of  sulphur  from  the  plastic  to 
its  ordinary  condition.  Specimens  of  the  plastic  variety 
made  during  a  lesson  may  be  distributed  among  students, 
to  observe  this  fact  at  leisure  and  at  home. 

Sulphuretted  Hydrocjen. — Prepare  from  ferrous  sulphide 
and  dilute  sulphuric  acid,  and  collect  in  the  usual  way  (92) . 
Burn  the  gas  from  a  jet,  and  hold  near  the  flame  a  glass  rod 
dipped  in  ammonia  (93),  to  prove  the  formation  of  sulphur- 
ous acid  gas.  Show  its  acidity  by  wet  litmus-paper  (94). 
Show  its  decomposition  by  sulphurous  anhydride,  applying 
two  jars  mouth  to  mouth,  putting  the  lighter  gas  (SHj) 
uppermost,  then  invert  (95) .  Moisture  is  necessary,  and  a 
little  pentathionic  acid  is  formed.  Show  its  decomposition 
similarly  by  chlorine — a  little  dichloride  of  sulphur  is 
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formed  here  (96).  A  most  important  experiment  (fig.  43) 
is  to  pass  the  gas  through  solutions  of  pure  cupric  sulphate, 
arsenious  anhydride,  tartar  emetic,  plumbic  acetate,  and 
zincic  sulphate  free  from  iron  (97).   Explain  the  production 


Fx(5.  43. 


of  precipitates — brown,  yellow,  oi'ange,  black,  and  white — 
and  point  out  the  importance  of  this  reaction  in  analysis. 
Give  a  classification  of  the  principal  metals  based  upon 
their  precipitability  by  sulphuretted  hydrogen,  and  urge 
upon  students  the  necessity  of  fully  mastering  it. 

Sulphuroios  Anhydride. — Prepare  by  the  action  of  copper 
or  mercury  on  sulphuric  acid ;  wash  and  dry  by  passing 
through  sulphuric  acid,  and  collect  by  displacement  (98). 
Show  acid  properties  with  litmus-paper  moistened  (99). 
Liquefy  by  condensing  in  a  tapped  U-tube  fitted  in  an  in- 
verted deflagrating  jar  packed  with  ice  and  salt  (100). 
Di'aw  off  the  liquid  sulphurous  anhydride  in  a  test-tube. 
Show  the  deposition  of  hoar-frost  outside  the  tubes,  and  the 
boiling  of  the  liquid  by  the  warmth  of  the  fingers.  Show  that 
water  freezes  on  being  mixed  with  the  liquid  anhydride — 
unless,  indeed,  a  solid  hydrate  is  produced.  It  may  be 
better,  perhaps,  to  dip  a  small  test-tube  containing  water 
into  the  liquid,  so  that  the  rapid  evaporation  from  the  out- 
side may  freeze  the  water  inside.  Demonstrate  the  flame- 
extinguishing  power  of  the  gas  (101),  and  its  solubility  in 
water  in  the  usual  way  (102).    Show  its  bleaching  powers 
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by  pouring  a  solution  into  infusion  of  roses  ;  show  that  the 
colour  is  restored  on  addition  of  a  stronger  acid,  as  sulphuric 
or  hydrochloric  (103).  The  bleaching  of  sulphurous  an- 
hydride is  thus  markedly  distinct  from  that  of  chlorine. 

Sulphurous  anhydride  is  easily  oxidised  to  sulphuric 
acid ;  it  is  difficult,  indeed,  to  get  a  solution  of  it  without 
a  trace  of  the  higher  acid.    This  fact  may  be  illustrated : 

1.  By  leaving  a  solution  of  sulphurous  acid  exposed  to  air. 

2.  By  adding  nitric  acid  to  a  similar  solution,  and  warming 
(104).  3.  By  adding  to  a  jar  of  sulphurous  anhydride  gas  a 
few  drops  of  strong  hydroxyl  and  agitating  (106).  Demon- 
strate the  identity  of  these  products  by  precipitating  with 
baric  chloride. 

It  is  remarkable  how  students  at  the  May  examination, 
1870,  misunderstood  the  first  question  in  the  paper :  '  Tou 
have  given  to  you  some  sulphur,  water,  and  nitric  acid : 
describe  how  you  would  make  sulphuric  acid  from  these 
materials  ? '    The  question  obviously  referred  to  the  oxi- 


FiG.  44. 


dation  of  sulphurous  anhydride  by  means  of  nitric  acid. 
Yet  the  majority  of  the  candidates  who  attempted  it  gave  a 
long  account  of  the  manufacture  of  sulphuric  acid,  with  all 
the  details  which  they  could  recollect  of  the  leaden  cham- 
bers, &c.  This  gives  a  striking  illustration  of  the  necessity 
of  intelligence  as  well  as  information  to  enable  a  student  to 
come  out  well  in  an  examination.  Not  only  ability  to  answer 
a  question,  but  to  understand  it  first,  is  wanted. 

Sulphuric  Acid. — Sulphur  only  forms  one  oxide  directly 
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— namely,  snlpliuroiis  anhydride ;  but  it  can  be  made  to 
take  up  anotber  atom  of  oxygen,  and  form  sulphuric 
anhydride.  This  combination  can  be  eflPected  (fig.  44) 
by  passing  a  mixture  of  two  volumes  sulphurous  anhy- 
dride and  one  volume  oxygen,  both  well  dried,  over  heated 
spongy  platinum  or  platinised  asbestos  (105).  A  low 
red  heat  is  necessary.  A  table  illustration  (fig.  45)  of  the 
manufacture  of  sulphuric  acid  should  be  given  (107). 


i"iG.  io. 


The  '  leaden  chamber '  is  represented  by  a  large  flask, 
into  which  are  led  streams  of  oxygen  or  ah*  from  a  gas- 
holder, and  sulphurous  anhydride,  nitric  oxide,  and  steam, 
from  small  flasks  in  which  they  are  generated.  Keep 
the  supply  of  moisture  small,  so  as  to  procure,  if  possible, 

rS02(N02) 

a  few  white  crystals  <  0  ;   then   increase  the 

[802(^0,) 

moisture  and  secure  their  decomposition  with  reproduction 
of  much  nitric  trioxide.  The  experiment  requires  care, 
and  should  be  well  practised  beforehand.  Show  the  affinity 
of  sulphuric  acid  for  water  by  placing  a  small  quantity  of 
strong  syrup  in  a  large  beaker  on  a  plate,  and  adding  to  it, 
suddenly,  an  equal  volume  of  the  strong  acid.  Sudden 
dehydration  leaves  a  huge  mass  of  carbon  (108). 
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EypostdpJniroios  Acid. — -Add  liydrocliloric  or  sulpliuric 
acid  to  a  solution  of  sodic  liyposulpliite,  and  show,  after  a 
brief  interval,  the  deposition  of  sulphur  and  evolution  of 
sulphurous  anhydride  (109).  Infer  from  this,  first,  the 
isolation;  and,  secondly,  the  great  instability  of  hypo- 
sulphurous  acid. 

The  experiments  employed  to  illustrate  this  course  are 
those  which  are  detailed  in  the  Syllabus  of  the  Depart- 
ment,* as  absolutely  necessary  for  students  to  see.  The 
whole  of  them  should  be  made,  amplified,  and  multiplied, 
if  possible,  before  an  elementary  class.  None  of  them  can 
be  omitted  with  safety.  Tn  addition,  teachers  ought  to 
strive  to  appreciate  the  importance  of  requiring  their 
pupils  to  take  notes  during  class  lessons,  and  of  themselves 
looking  over  and  revising  these  notes  as  frequently  as 
possible.  This  is  a  most  valuable  adjunct  to  teaching.  A 
pupil  who  is  made  to  take  notes  not  only  has  the  lecture 
or  lesson  much  more  firmly  fixed  in  his  mind,  but  he 
acquires  the  habit  of  expressing  his  ideas  in  writing,  and 
will,  on  this  account  alone,  be  much  more  likely  to  work 
a  satisfactory  paper  in  the  annual  examination.  Pupils 
ought  also  to  be  encouraged,  if  not  requii-ed,  to  write  out 
at  home  an  abstract  of  the  lessons  from  the  notes  they 
have  taken  while  the  lessons  were  in  progress.  Questions 
should  also  be  given  out  at  the  close  of  a  lesson,  and  the 
answers  when  brought  in  examined  by  the  teacher.  This 
of  course  involves  some  trouble,  but  an  earnest  teacher 
will  not  be  content  to  confine  himself  to  giving  an  hour's 
lesson,  and  then  letting  his  pupils  take  their  chance  of 
picking  up  such  information  as  they  require.  The  more  a 
teacher  can  enter  into  the  individual  work  and  wants  of 
his  students  the  better  it  will  be  both  for  them  and  for 
himself. 


*  See  Appendix. 
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Addenda  to  Lecture  VI. 

The  important  modem  doctrine  of  atomicity  has  not  been  for- 
mally mentioned  till  nearly  the  end  of  this  course,  but  there  are 
many  occasions  when  in  passing  a  brief  allusion  may  be  made  to 
it.  By  deferring  its  full  consideration  until  late  the  advantage  is 
gained  of  having  furnished  the  student  with  a  multitude  of  facts 
which  may  be  employed  in  illustration  by  a  simple  effort  of 
memory.  The  teacher  will  find  it  well  for  this  part  of  his  subject 
to  study  carefully  Hofmann's  '  Modem  Chemistry '  throughout, 
and  Chapter  III.  of  Frankland's  'Lecture  Notes' — not  necessarily 
to  lay  their  substance  befora  his  students,  but  to  provide  himself 
with  a  number  of  useful  helps  in  explaining  what  is  undoubtedly 
a  difficult  subject  to  beginners.  In  all  explanations  of  this  Idrid 
copious  use  should  be  made  of  the  black-board  and  of  symbols. 
With  regard  to  symbols,  though  it  is  a  convenience  for  all  the 
members  of  a  class  to  use  one  system,  the  matter  is  not  of  such 
vital  importance  as  to  render  it  undesirable  to  use  modifications 
occasionally.  In  fact,  a  variety  of  symbols  may  sometimes  be 
really  valuable,  e.g.  in  describing  sulphuric  acid  as  the  result  of 
the  peroxidation  of  sulphuretted  hydrogen,  the  empirical  formula 
HoSO^  may  well  be  employed,  while  the  rational  formula  H2O.SO3 
and  SO3H02  or  S02(H0)2  may  express  its  preparation  from  sul- 
phuric anhydride  and  water,  and  from  sulphurous  anhydride  and 
hydroxyl,  respectively. 

It  is  advisable  also  not  to  be  over  careful  in  restricting  the 
information  given  to  a  class  too  closely  to  the  Syllabus  in  the 
Directory.  Bromine  and  iodine,  for  instance,  are  not  included  in 
the  elementary  course,  but  it  would  be  a  serious  omission  in  a 
teacher  to  neglect  giving  a  brief  account  of  the  analogies  which 
these  elements  present  to  iodine.  Silicon,  again,  might  be  briefly 
treated  in  connection  with  the  allotropic  modifications  of  its  con- 
geners, boron  and  carbon.  Treatment  of  this  kind  gives  a  com- 
pleter character  to  science-teaching  than  a  too  slavish  adherence 
to  the  prescribed  course  would  result  in. 

Another  point  which  is  liable  to  be  omitted  is,  to  teach  students 
something  of  the  common  chemicals  in  every-day  use.  Strictly 
speaking,  these  come  in  at  the  advanced  stage,  under  their  respec- 
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tive  metals.  But  common  oxides,  hydrates,  clilorides,  nitrates, 
and  sulpliates  are  properly  mentioned  under  their  respective  non- 
metallic  constituents.  Their  trivial  names,  systematic  names, 
and  formulte  should  be  given  to  students,  and  specimens  should 
be  shown.  If  the  pupils  can  be  persuaded  to  try  a  few  simple 
e.xperiments  with  them — such  as  examining  them  on  charcoal 
before  the  blowpipe  flame — it  will  be  a  good  preparation  for  the 
advanced  stage,  which  perhaps  is  in  itself  rather  too  heavy  a 
course  for  a  single  year.  The  following  list  may  be  useful.  Water 
of  crystallisation  is  purposely  omitted  from  the  formulas. 


Systematic  Names 

Trivial  Names 

Formula3 

Oxides  and  Hydrates. 

Sodic  hydrate 

Caustic  soda 

NaHo 

OHNa 

Potassic  hydrate 

Caustic  potash 

KHo 

OHK 

Amnionic  hydrate 

Ijic[uor  ammonise 

AmHo 

OH^im 

1    "111  c  tin  rti.                    M  m  a 

wtiuaiic  or  CjUiLK-iinie 

CaO 

CaO 

Calcic  hydrate 

Slacked  lime 

vo/XLO., 

Baric  oxide 

Baryta 

BaO' 

BaO 

Strontic  oxide 

Strontia 

SrO 

SrO 

Magnesic  oxide 

Magnesia 

Zincic  oxide 

Zinc  white,  flowers  of 
zinc.  philosopher's 
■wool 

ZnO 

ZnO 

Mercuric  oxide 

Eed  precipitate 

HgO 

HgO 
'Hg'.O 

Mercurous  oxide 

'  Black  wash ' 

Hg,0 

Plumbic  oxide 

Ijitharge,  massicot 

PbO 

PbO 

Tri  plumbic  tetroxide 

Red  lead,  minium 

Pb30, 

PbPbo"^ 

Stannic  oxide 

Putty-powder 

SnO, 

SnOo 

Aluminic  oxide 

Alumina,  emery 

Ai^o; 

'A1"C03 

Arsenious  oxide 

White  arsenic 

AsjOj 

ASoO'a 

Ferric  oxide 

Colcothar,  jeweller's 
rouge,  crocus-powder, 
hsematite 

Fe,03 

Fe'^Oj 

Chromic  oxide 

Permanent  green 

Gr„03 

'Cr"'„03 

Manganic  dioxide 

Pyrolusite,  black  oxide 
of  manganese 

Chlorides. 

MnO. 

MnO. 

Sodic  chloride 

Common  salt,  rock-salt. 

NaCl 

NaCl 

Potassic  chloride 

sal  gem 

Sylvino,  Stassfiirth  salt 

KCl 

KCl 

Ammonic  chloride 

Sal-ammoniac 

AmCl 

AmCl 

Argentic  chloride 

Horn-silver 

AgCl 

AgCI 
CaCL 

Calcic  chloride 

CaClj 
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Systematic  Name 

Trivial  Namo 

Formulae 

Zincic  chloride 

Mercuric  chloride 
Mercurous  chloride 
Plumbic  chloride 
StfiDUous  chloride 
Aluminic  chloride 
Ferric  chloride 

Antimonious  chloride 


Sodic  hypochlorite 
Potassic  hypochlorite 

Calcic  chloro-hypo- 
chlorite 

Potassic  chlorate 


Sodic  nitrate 
Potassic  nitrate 


Ammonic  nitrate 
Argentic  nitrate 


Argentic  sulphide 
Zincic  sulphide 
Cadmic  sulphide 
Mercuric  sulphide 
Plumbic  sulphide 
Stannous  sulphide 
Perrous  sulphide 
Ferric  sulphide 

Diarsenious  disul- 

phide 
Arsenious  sulphide 
Antimonious  sulphide 


Chlorides — continued. 

Burnett's  disinfecting 
fluid 

Corrosive  sublimate 

Calomel 

Horn-lead 

Tin  salts 

'  Chloralum ' 

Used  in   '  tincture  of 

steel ' 
Butter  of  antimony 

Other  Chlorine  Salts. 

Eau  de  Javelle 
Labarraque's  disinfect- 
ing fluid 
Bleaching-powder 


Nitrates. 

Cubic  nitre,  Chili  salt- 
petre 

Nitre,  saltpetre,  sal  pru- 
nella, Bengal  salt- 
petre 

Lunar  caustic 

Sulphides. 

Silrer-glance 
Zinc-white,  blende 
Cadmium  j'ellow 
Cinnabar,  vermilion 
Galena 
Tin  pyrites 

Iron  pyrites 
Copper  pyrites 
Realgar,  red  orpiment 

Yellovr  orpiment 
Black  antimony 


ZnCU 

ZnCU 

HgCL 

HgCl, 

Hg,OU 

■Hg',CU 

PbCij 

PbCU 

SnClj 

Bn"Cl., 

AUC1„ 

Fe'^Cl, 

SbCl, 

SbCla 

NaOCl  OClNa 
KOCl  OCIK 

CaClOCl  CaClOCl 

KCIO3  {2^, 


NaNOj  NO„Nao 


KNO,  NO„Ko 


AmNOj  NO.Amo 
AgNOs  NOjAgo 


Ag,S 

SAg, 

ZnS 

ZnS" 

CdS 

CdS" 

HgS 

HgS" 

PbS 

PbS" 

SnS 

SrS" 

FeS 

FeS" 

FeS, 

Fe'-S; 

As,S, 

AS..S3 

As.,S3 

sb;s3 

ShJi, 
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Systematic  Name 

Trivial  Name 

Form  111  03 

Sodic  sulphate 
Potassic  sulphate 

Hydropotassic  sul- 
phate 
Magiiesic  sulphate 
Calcic  sulphate 

Bavic  sulphate 

Zincic  sulphate 
Cuprie  sulphate 

Plumbic  sulphate 
Ferrous  sulphate 
Dipotassic  aluminic 

tetrasulphate 
Sodic  thiosulphate 


Sodic  carbonate 
Hydric  sodic  carbo- 
nate 

Potassic  carbonate 

Hydric  potassic  car- 
bonate 


Magnesic  carbonate 
Calcic  carbonate 

Zincic  carbonate 
Plumbic  carbonate 
Ferrous  carbonate 
Cupric  carbonate 


Sodic  diborate 


Sulphates,  cf  c. 

Glauber's  salt 

Sal  polychrest,  sal  de 

duobus 
Sal  enixum 

Epsom  salt 

Alabaster,  gypsum,  sele- 
nite,  plaster-of-Paris 

Heavy  spar,  permanent 
white 

White  vitriol  or  copperas 
Blue  vitriol  or  copperas, 

bluestone 
Lead  vitriol 

Green  vitriol  or  copperas 
Potash  or  common  alum 

Hyposulphite  of  soda, 
antichlor 

Carbonates. 

Barilla,  washing  soda 
So-called  '  carbonate  of 
soda ' 

Potash,  pearlash,  salt  of 

tartar 
Sal  eratus 

Sesquicarbonate  of  am- 
monia, smelling  salts, 
Preston  salts 

So-called  '  magnesia' 

Chalk,  marble,  lime- 
stone, calcspar 

Calamine 

AVhite  lead  ore 

Spathic  iron  ore 

Malachite 

Borate. 
Borax,  tiucal 


Na„SO, 

SO..Nao., 

K2SO, 

SO^Ko/ 

en  ■H"f^T*'r^ 

oUo-tLOiVO 

MgSO, 

SO„Mgo" 

CuSO, 

SO„Cuo" 

BaSO^ 

SOjBao" 

ZnSO, 

SO^Zno" 

CuSO, 

SO'Cuo" 

PbSO^ 

SO.,Pbo" 

FeSO, 

SO.Feo" 

K,A1,4S0, 

S^OgALo^Koo 

Na^S^Oa 

SSONao, 

Xa^COg 

CONao„ 

NaHCOs 

COHoNao 

K2CO3 

COKo„ 

KHCO3 

COHoKo 

2Am20.3G02 

MgCOj 

COMgo ' 

CaCOj 

COCao" 

ZnCOj 
PbCO, 
FeG03 
CuCO, 


COZno" 
COPbo" 
COFeo" 
COGuo" 


Na.,B,0;  B.O.Naoa 
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APPENDIX. 


I.  Syllabus  of  Elementary  Course  in  Inorganic  Chemistry. 
{From  the  '  Science  Directory.'') 

Pupils  presenting  themselves  foi-  examination  will  be  expected 
to  possess  a  knowledge  of  the  following  subjects: — 

Definition  of  chemistry.  Simple  and  compound  matter.  Dif- 
ferent modes  of  chemical  action.  Combining  weights.  Volume 
weights.  Principles  of  chemical  nomenclature.  Symbolic  nota- 
tion. Graphic  notation.  Chemical  formulte.  Chemical  equa- 
tions. Atomicity  of  elements.  Simple  and  compound  radicals. 
Definition  of  a  compdund  radical.  Classification  of  all  elements 
into  metals  and  non-metals,  into  positive  and  negative  elements. 
Classification  according  to  atomicity. 

French  and  English  systems  of  weights  and  measures.  Con- 
version of  English  into  French  weights  and  measures.  The  crith 
and  its  uses. 

Hydrogen. — Its  preparation  and  properties. 

Chloi  'ine, — Preparation  of  chlorine  from  hydrochloric  acid. 
Analysis  and  synthesis  of  hydrochloric  acid.  Properties  and 
reactions  of  hydrochloric  acid. 

Oxygen. — Its  preparation  and  properties.  Allotropic  oxygen 
or  ozone.  Formation  and  reactions  of  water.  Preparation  and 
properties  of  hydroxyl.  Compounds  of  chlorine  with  oxygen  and 
hydroxyl. 

Boron. — How  it  occurs  in  nature.  Its  allotropic  modifications. 
Boric  anhydride.    Boric  acids. 

Carbon. — Its  preparation  and  allotropic  forms.  Preparation 
and  properties  of  carbonic  oxide  and  carbonic  anhydride. 

F  2 
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Nitroyen.— lis.  preparation  and  properties.  Compounds  of  ni- 
trogen with  oxygen  and  liydroxyl.  Compound  of  nitrogen  with 
hydrogen.    Ammonia.    Ammonic  salts. 

"Sidphur.—lts,  properties  and  allotropic  modifications.  Com- 
pounds of  sulphur  with  positive  elements.  Compounds  of  sulphur 
with  oxygen  and  hydroxyl. 

II.  Extract  from  a  Eeport  by  Dr.  Frankland. 

In  conclusion,  I  have  to  state  that  it  would  in  my  opinion  be 
desirable  to  call  the  attention  of  such  science-teachers  as  give 
instruction  in  Chemistry  to  the  circumstance,  that  the  unsatis- 
factory results  of  the  examinations  in  the  elementary  stage  of 
inorganic  chemistry  are  obviously  due  chiefly  to  the  want  of 
sufficient  experimental  illustrations  in  the  classes.  It  would  be 
well  to  bring  to  the  notice  of  such  teachers  that  the  performance 
of  the  following  experiments,  at  least,  ought  to  be  witnessed  by 
every  pupil  who  comes  up  in  the  elementary  stage,  and  that  for 
the  future  it  will  be  assumed  that  .such  has  been  the  case  : — 

1.  Ignition  of  platinum  wire  and  of  magnesium  wire  in  air,  to 
show  effect  of  chemical  action  in  the  second  case  (1).* 

2.  Transformation  of  liquids  and  gases  into  solids  and  vice 
vei-id  by  chemical  action  (2,  5). 

3.  Ignition  of  phosphorus  by  red-hot  bar  of  iron  placed  at  a 
distance  of  several  inches. 

4.  Attraction  of  a  suspended  wooden  rod  by  an  electi-ically 
excited  glass  tube  held  at  a  distance  of  several  inches  (25). 

5  A  glass  rod  moistened  with  concentrated  sulphuric  acid  held 
close  to  a  small  heap  of  a  mixture  of  sugar  and  potassic  chlorate 
produces  no  eff"ect,  but  inflames  the  mixture  as  soon  as  the  rod  is 
brought  into  actual  contact  with  it. 

6  An  example  of  direct  chemical  imion  Combination  of 
hydrogen  and  chlorine  by  heat  (4). 

7.  Chemical  displacement :— Precipitation  of  copper  from  a 
solution  of  cupric  sulphate  by  a  bright  plate  of  iron  (3). 

8.  Mutual  chemical  exchange :— Add  solution  of  potassic 
iodide  to  solution  of  mercuric  chloride  (3). 


*  These  figures  refer  to  the  list  of  apparatus  next  given. 
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9.  Ee-avrangoment  of  elements  in  a  compound: — Coagulation 
of  albumen  by  heat  (2). 

10.  Resolution  of  a  compound  into  its  elements,  or  into  two 
or  more  less  complex  compounds  : — Heat  mercuric  oxide  and  show 
oxygen  and  mercury  produced  (34). 

11.  Electrolysis  of  water,  with  demonstration  of  properties  of 
the  separated  gases  (21,  49). 

12.  Preparation  of  hydrogen  by  the  action  of  sodium  upon 
water  (5). 

13.  Preparation  and  collection  of  hydrogen  from  zinc  and 
dilute  sulphuric  acid  (8). 

14.  Preparation  and  collection  of  hydrogen  from  zinc  and  solu- 
tion of  caustic  soda  (12). 

15.  Burn  jar  of  hydrogen  mouth  upwards,  and  another  with 
the  mouth  downwards  (5). 

16.  Pour  hydrogen  upwards  from  one' jar  into  another  (5). 

17.  Extinguish  a  burning  taper  in  hydrogen  (5). 

18.  Preparation  and  collection  of  chlorine  from  manganic  oxide 
and  hydrochloric  acid  (10,  11). 

19.  Bleach  carmine-paper  in  the  gas  (5). 

20.  Electrolysis  of  solution  of  hydrochloric  acid.  Collect  gases 
separately,  and  show  their  properties  (8,  21,  49). 

21.  Burn  jet  of  hydrogen  in  chlorine  (6,  35). 

22.  Prepare  hydrochloric  acid  gas  from  common  salt  and  sul- 
phuric acid.    Collect  over  mercury  or  by  displacement  of  air  (10, 

11)- 

23.  Show  by  test-papers  alkalinity  of  solution  of  potash,  acidity 
of  solution  of  hydrochloric  acid,  and  neutrality  of  liquid  produced 
by  the  mixture  of  these  solutions  in  suitable  proportions  (3). 

24.  Extinguish  taper  in  hydrochloric  acid  gas  (5). 

25.  Show  solubility  of  hydrochloric  acid  gas  in  water  (7). 

26.  Prepare  and  collect  oxygen  from  mercuric  oxide,  potassic 
chlorate,  a  mixture  of  potassic  chlorate  and  manganic  oxide,  and 
by  the  transmission  of  chlorine  and  steam  through  a  red-hot  tube 
(9,  10,  11,  15, 16,  34,  45,  48). 

27.  Burn  a  taper  in  oxygen,  and  show  re-kindling  from  glow- 
ing wick  (6). 

28.  Combustion  of  phosphorus  in  oxygen  (14,  39). 

29.  Combustion  of  bundle  of  steel  wire  in  stream  of  oxygen 
(36,  46). 
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80.  Explosion  of  mixture  of  oxygen  and  hydrogen  (22). 

31.  Show  formation  of  water  from  jet  of  hydrogen  burning  in 
oxygen  (8,  85). 

32.  Show  neutral  reaction  of  water. 

33.  Show  formation  of  ozone  by  action  of  moist  phosphorus 
upon  air.  Show  action  of  ozonised  air  upon  paper  imbued  with 
starch  and  potassic  iodide  (23). 

34.  Preparation  of  hydroxyl  by  passing  a  stream  of  carbonic 
anhydride  through  water  containing  baric  peroxide  in  suspension 
(3,  8.  9). 

35.  Heat  hydroxyl  in  test-tube,  and  show  evolution  of  oxygen 

36.  Add  argentic  oxide  to  hydroxyl,  and  show  production  of 
oxygen  and  metallic  silver  (2). 

37.  Wash  with  solution  of  hydroxyl  paper  discoloured  with 
plumbic  sulphide  (41). 

38.  Wash  with  solution  of  hydroxyl  white  oil-paint  similarly 
discoloured  (41). 

39.  Prepare  chloric  peroxide  (Clfi^)  in  test-tube,  and  explode 
it  with  a  hot  wire  (2). 

40.  Add  sulphuric  acid  to  a  mixture  of  phosphorus  and  potiissic 
chlorate  under  water  (5,  24). 

41.  Prepare  hypochlorous  acid  by  agitating  chlorine  with  mer- 
curic oxide  and  water  (10,  11,  16). 

42.  Transmit  current  of  chlorine  through  boiling  milk  of  lime, 
add  potassic  chloride  to  filtered  product,  and  then  crystallise  out 
potassic  chlorate  (17). 

43.  Preparation  of  boric  acid  from  borax  and  hydrochloric 
acid  (17). 

44.  Flame  of  a  solution  of  boric  acid  in  alcohol  (33). 

45.  Preparation  of  charcoal  from  wood  in  test-tube  (2). 

46.  Show  crust  upon  lime-water  after  exposure  to  air 
(28). 

47.  Add  hydrochloric  acid  to  pieces  of  old  mortar,  and  show 
that  carbonic  anhydride  is  evolved  (3). 

48.  Breathe  through  lime-water  (3). 

49.  Burn  candle  in  glass  cylinder  filled  with  air,  and  show 
formation  of  carbonic  anhydride  by  lime-water  (6). 

50.  Prepare  and  collect  carbonic  anhydride  from  limestone, 
chalk,  or  marble,  and  hydrochloric  acid  (8,  9). 
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51.  Show  that  soap-bubbles  filled  with  air  float  on  carbonic 
aniiydride  (27). 

62.  Pour  solution  of  litmus  into  jar  of  carbonic  anhydride  (5). 

53.  Immerse  lighted  taper  in  jar  of  carbonic  anhydride  (5). 

54.  Pass  carbonic  anhydride  through  an  iron  tube  filled  with 
charcoal  and  heated  to  redness.  Show  the  inflammability  of  the 
carbonic  oxide  produced  (5,  8,  9,  54). 

55.  Prepare  and  collect  carbonic  oxide  from  a  mixture  of 
oxalic  acid  and  sulphuric  acid  (1,  10,  11). 

56.  Prepare  and  collect  carbonic  oxide  from  a  mixture  of  sul- 
phuric acid  and  yellow  prussiate  of  potash  (11), 

57.  Inflame  jar  of  carbonic  oxide,  and  immerse  lighted  taper 
in  the  gas  (5). 

58.  Agitate  lime-water  with  carbonic  oxide,  and  show  that 
no  turbidity  is  produced  ;  inflame  the  gas,  agitate  again,  and 
demonstrate  the  production  of  carbonic  anhydride  (5). 

59.  Prepare  nitrogen  by  burning  phosphorus  in  atmospheric 
air  (2G,  37). 

60.  Prepare  and  collect  nitrogen  fi  om  amnionic  nitrite,  or  from 
a  mixture  of  potaSsic  nitrite  and  amnionic  chloride  (13). 

61.  Prepare  and  collect  nitrogen  by  passing  chlorine  into 
strong  solution  of  ammonia  (10,  11,  20). 

62.  Immerse  a  burning  taper  in  nitrogen  (5). 

03.  Pass  electric  sparks  through  air  in  a  small  vessel  contain- 
ing litmus-paper  (32,  49,  50). 

64.  Show  neutrality  of  nitrogen. 

65.  Prepare  and  collect  nitrous  oxide  from  amnionic  nitrate. 
Show  production  of  ammonic  nitrate  from  nitric  acid  and  ammonic 
carbonate  (3,  15). 

66.  Show  that  feebly  burning  sulphur  is  extinguished  in 
nitrous  oxide,  and  that  sulphur  strongly  ignited  continues  to 
burn  in  the  gas  with  augmented  brilliancy  (14,  39). 

67.  Immerse  a  burning  taper  in  nitrous  oxide  (5). 

68.  Prepare  and  collect  nitric  oxide  from  copper  and  nitric 
acid  (8,  9). 

69.  Add  nitric  oxide  to  air  in  ajar  over  water  (6,  7). 

70.  Immerse  a  burning  taper  in  nitric  oxide  (5). 

71.  Show  that  feebly  burning  phosphorus  is  extinguished  in 
nitric  oxide,  and  that  strongly  ignited  phosphorus  burns  in  it 
brilliantly  (14,  39). 
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72.  Preparation  of  nitrous  anhydride  from  nitric  acid  and 
arsenious  anhydride  (13). 

73.  Show  the  reducing  action  of  nitrous  acid  by  adding  a 
solution  of  potassic  permanganate  to  an  acidified  solution  of  a 
nitrite  (3). 

74.  Show  the  oxidising  action  of  nitrous  acid  by  adding  a 
solution  of  a  nitrite  to  acidulated  water  tinted  with  magenta  (3). 

75.  Prepare  nitric  peroxide  (N^OJ  by  mixing  nitric  oxide  and 
oxygen  (5). 

76.  Prepare  nitric  acid  from  potassic  nitrate  and  sulphuric 
acid  (13,  18). 

77.  Prepare  nitric  acid  by  the  direct  combination  of  nitric 
peroxide  and  hydroxyl  (5). 

78.  Pour  nitric  acid  upon  copper  clippings  (3). 

79.  Detiagrate  a  mixture  of  nitre  and  charcoal  (15). 

80.  Add  strong  nitric  acid  to  gold-leaf  (3). 

81.  Add  strong  hydrochloric  acid  to  gold-leaf  (3). 

82.  Mix  the  two  last-named  liquids  together  and  show  that 
the  gold-leaf  then  dissolves  (3), 

83.  Prepare  gaseous  ammonia  from  a  mixture  of  ammonic 
chloride,  and  slacked  lime.  Collect  over  mercury  or  by  displace- 
ment (15). 

84.  Demonstrate  solubility  of  ammonia  in  water  ^^7). 

85.  Immerse  a  taper  in  gaseous  ammonia  (5). 

86.  Burn  a  stream  of  gaseous  ammonia  at  the  end  of  a  hot 
tube  (15,  45). 

87.  Show  alkalinity  of  ammonia. 

88.  Demonstrate  volatility  of  ammonic  chloride  (38). 

89.  Show  production  of  iimmonic  chloride  from  gaseous  am- 
monia and  hydrochloric  acid  gas  (6). 

90.  Prepare  plastic  sulphur  (17,  18). 

91.  Melt  sulphur  in  test-tube  and  show  changes  as  the  tem- 
perature increases  (1). 

92.  Prepare  and  collect  sulphuretted  hydrogen  from  ferrous 
sulphide  and  dilute  sulphuric  acid  (8,  9). 

93.  Burn  jet  of  sulphuretted  hydrogen,  and  hold  over  the 
flame  a  glass  rod  moistened  with  ammonia. 

94.  Show  acidity  of  sulphuretted  hydrogen  (5). 

95.  Decompose  sulphuretted  hydrogen  by  sulphurous  anhy- 
dride (5). 
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96.  Decompose  sulphuretted  hydrogen  by  chlorine  (o). 

97.  Pass  sulphuretted  hydrogen  gas  through  an  aqueous  solu- 
tion of  each  of  the  following  substances  : — Arsenious  acid,  cupric 
sulphate,  plumbic  acetate,  tartar-emetic,  and  zincic  sulphate  (29). 

98.  Prepare  sulphurous  anhydride  by  the  action  of  copper  upon 
sulphuric  acid.    Collect  over  mercury  or  by  displacement  (10, 11). 

99.  Show  action  of  sulphurous  anhydride  on  litmua-paper  (5). 

100.  Condense  sulphurous  anhydride  in  glass  tube  immersed 
in  a  mixture  of  snow  and  salt  (10,  11,  80). 

101.  Immerse  taper  in  sulphurous  anhydride  (6). 

102.  Demonstrate  solubility  of  sulphurous  anhydride  in  water 

(5). 

103.  Bleach  infusion  of  rose-leaves  by  sulphurous  acid,  and 
then  restore  the  colour  by  addition  of  dilute  sulphuric  acid  (8). 

104.  Convert  sulphurous  acid  into  sulphuric  acid  by — 1.  Ex- 
posing its  aqueous  solution  to  the  air ;  and,  2,  by  heating  its 
aqueous  solution  with  nitric  acid  (13). 

105.  Demonstrate  the  formation  of  sulphuric  anhydride  by 
passing  sulphurous  anhydride  and  oxygen  over  ignited  spongy 
platinum  (10,  11,  31,  36). 

106.  Show  the  formation  of  sulphuric  acid  by  the  direct  union 
of  sulphurous  anhydride  and  hydroxyl  (5). 

107.  Prepare  sulphuric  acid  by  mixing  sulphurous  anhydride, 
oxygen  or  air,  nitric  peroxide,  and  steam,  in  a  flask  (12,  19,  36). 

108.  Add  one  volume  of  concentrated  sulphuric  acid  to  two 
volumes  of  strong  syrup  of  white  sugar  placed  in  a  capacious 
vessel  (17). 

109.  Demonstrate  the  spontaneous  decomposition  of  free  hypo- 
sulphurous  acid,  by  adding  dilute  sulphuric  acid  to  a  solution  of 
sodic  hyposulphite  (3). 


According  to  §  XLV.  of  the  Directory  special  extra  payments 
are  made  on  account  of  students  who  show  a  good  knowledge  of 
experimental  chemistry  or  laboratory  practice.  This  knowledge  is 
at  present  tested  by  questions  set  with  the  ordinary  examination 
paper  in  May.  In  the  elementary  stage  the  course  of  laboratory^ 
instruction  to  which  the  questions  are  confined  is  the  iiiepa ration 
of  the  elements  and  compounds  above  enumerated,  and  the  methods 
of  experimentally  demonstrating  their  properties.    These  ques- 
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tions  fvre,  as  much  as  possible,  so  framed  as  to  prevent  answers 
being  given  by  pupils  who  have  obtained  their  information  merely 
from  books  and  oral  instruction. 


III.  List  op  Apparatus  for  Teaching  Inorganic 
Chemistet. — Elementary  Stage. 

(A  set  corresponding  with  this  list  is  on  exhibition  in  the  South 
Ke)isington  Museum.) 

1.  Bunsen  Burner,  with  liose. — For  burning  a  mixture  of  coal- 
gas  and  air,  the  latter  being  admitted  through  the  small  holes  at 
foot.  The  rose  is  used  for  gently  beating  a  glass  or  porcelain 
vessel,  as  in  Exp.  55  and  91 ;  without  the  rose,  a  long,  narrow, 
intensely  hot  flame  is  produced,  suitable  for  ignition,  as  in  Exp.  1, 
but  not  for  direct  application  to  glass  or  porcelain  vessels. 

2.  A  Dozen  Test-tubes.— (Ex^.  2,  35,  -36,  39,  45.)— For  expo- 
sing various  substances  to  a  moderate  degree  of  heat. 

3.  Three  Test-glasses  on  Feet.—(Ex^.  7,  8,  23,  34,  47,  48,  65, 
73,  74,  78,  80,  81,  82,  103,  109.)— For  showing  the  effect  of  mix- 
ing various  solutions. 

4.  Ttvo  Small  Strong  Cylinders,  6  in.  x  ^  in. — For  showing 
the  formation  of  hydrochloric  acid  (Exp.  6).  One  is  filled  with 
hydrogen,  the  other  with  chlorine,  both  being  closed  with  glass 
discs  ;  they  are  then  placed  mouth  to  mouth,  chlorine  uppermost, 
the  discs  withdrawn,  the  gases  allowed  to  mix  perfectly,  and  the 
jars  separated,  when  the  application  of  a  flame  to  the  mouth  of 
each  cylinder  causes  an  explosion,  with  production  of  hydrochloric 
acid. 

6.  Tioo  Cylinders  mi  Feet,  12  in.  x  1  in. — (lExp.  2,  12,  15, 
16,  17,  19,  24,  40,  52,  53,  54,  57,  58,  62,  67,  70,  75,  77,  85,89,  94, 
95,  96,  99,  101,  102,  106.)— For  demonstrating  the  properties  of 
gases.  - 

6.  Two  Cylinders  on  Feet,  15  in.  x  2  in. — (Exp.  21,  27,  49, 
69.) — For  similar  purposes. 

7.  A  Cylinder  on  Foot,  30  in.  x  3  m.— (Exp.  25,  69,  84.)— For 
demonstrating  the  solubility  of  certain  gases  in  water.  The 
cylinder  must  be  tilled  with  dry  gas  and  closed  with  a  stout  glass 
plate,  grasped  firmly,  and  the  mouth  dipped  into  water,  the  plate 
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being  slid  off  so  as  to  allow  a  very  small  jet  of  water  to  enter  the 
cylinder  as  the  absorption  proceeds. 

8.  Two^neckecl  Wuidff's  Buttle,  fitted  with  Thistle  Funnel  and 
Delivery  Tube.— For  the  preparation  of  gases  not  requiring  the 
application  of  heat,  as  hydrogen,  carbonic  anhydride,  nitric  oxide, 
and  sulphuretted  hydrogen.  (Exp.  13,  34,  50,  54,  68,  92.)  The 
tube  of  tlie  funnel  must  dip  into  the  liquid  in  the  bottle. 

9.  Tivcnnecked  Woidff's  Bottles,  fitted  up  as  Wash-bottles  for 
Washing  Gases. — For  freeing  gases  from  traces  of  the  acids  used 
in  their  preparation,  by  passing  them  through  water  or  alkaline 
solutions.  The  inlet  tube  should  just  dip  beneath  the  surface  of 
the  liquid.  By  placing  strong  sulphuric  acid  instead  of  water  in 
these  bottles  any  gas  passed  througli  will  be  freed  from  moisture. 
(Exp.  26,  34,  50,  54,  68,  92). 

10.  Three-necked  Woulff's  Bottles  fitted  up  as  WasMottles, 
7cith  Tube  as  Safety  T't/ie.— (Exp.  18,  22,  26,  41,  55,  61,  98,  100, 
105.) — For  similarly  washing  very  soluble  gases,  as  hydrochloric 
acid  and  ammonia.  The  inlet  and  safety  tubes  should  just  dip 
beneath  the  surface  of  the  washing  liquid.  Tlie  safety  tube  per- 
mits of  the  entrance  of  air,  in  case  of  any  running  back  of  water 
through  absorption  of  gas,  and  so  restores  the  equilibrium  of 
pressure. 

11.  Large  Flasks  fitted  jvith  Cork,  Thistle  Funnel,  and  Delivery 
Tube. — For  the  preparation  of  gases  from  liquids  by  the  aid  of 
heat.  Flame  should  not  be  allowed  to  come  in  contact  with  the 
glass,  a  piece  of  iron-wire  gauze  or  a  sand-bath  being  interposed 
between  the  flask  and  the  source  of  heat.  (Exp.  18,  22,  26,  41, 
55,  56,  61,  98,  100,  105). 

12.  Smaller  Flasks,  fitted  up  as  No.  11,  and  used  for  similar 
purposes.    (Exp.  14,  107). 

13.  Small  Flask  fitted  tvith  Cm-h  and  Delivery  Tube. — (Exp.  60, 
72,  76,  104.) — For  heating  substances,  generally  solids,  and  col- 
lecting products  of  decomposition.  Without  the  tube  this  may 
be  used  as  a  receiver  to  condense  nitric  acid,  in  Exp.  76. 

14.  Lai-ge  Flasks  with  Wide  Necks.  — For  burning  phosphorus 
in  oxygen,  &c.    (Exp.  28,  66,  71). 

15.  Th7-ee  Floreiice  Flasks,  tvith  Corks  and  Delivery  Tubes. — 
(Exp.  26,  65,  79,  83,  86.) — For  use  when  the  naked  flame •  must 
be  applied  to  a  ghiss  vessel.  Being  cheap,  the  fracture  of  tliese 
flasks  is  of  slight  consequence. 
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16.  Flask  with  Cork  and  Two  Tubes,  used  for  Washing  Gases.  

(Exp.  26,  41.) — For  purposes  similar  to  those  described  in  No.  9. 
Specially,  as  in  Exp.  26,  for  passing'  a  gas  througli  hot  water,  so 
as  to  mix  it  witk  steam. 

17.  Large  Beaker.— (Ex-p.  42,  43,  90,  108.)— For  use  when 
hot  solutions  are  required  in  open  vessels,  or  when  substances  are 
mixed,  which  by  their  action  evolve  heat.  To  be  heated  upon 
gauze  or  a  sand-bath. 

18.  Retorts,  one  large,  one  smaller. — (Exp.  76,  90.) — For  u.se 
in  distillation,  as  of  nitric  acid. 

19.  Large  Flask,  1-2  Gallons,  7vitfi  Cork  and  Five  Tubes  passing 
info  it,  one  reaching  Just  through  the  Cork,  the  remainder  to  the 
Centre  of  the  Flask. — To  illustrate  the  manufacture  of  sulphuric 
acid  :  oxygen  or  air,  nitric  oxide,  sulphurous  anhydride,  and  steam 
being  admitted  through  the  longer  tubes,  and  an  aspirator  at- 
tached to  the  shorter  one,  to  maintain  a  constant  current.  (Exp. 
107). 

20.  Tioo-necked  Bottle  fitted  as  Wash-bottle,  but  xoith  wide  Inlet 
T%ihe. — (Exp.  61. j — For  decomposing  ammonia  by  chlorine.  A 
deposit  of  sal-ammoniac  is  formed,  which  would  choke  a  narrow 
inlet  tube. 

21.  Voltameter  to  decompose  Water  and  collect  the  Gases 
separately. — (Exp.  11,  20.) — May  be  used  also  to  electrolyse 
aqueous  hydrochloric  acid  and  ammonia.  The  battery,  No.  49, 
is  employed  for  this  purposp. 

22.  Bell-jar  with  Stopcock,  and  Glass  Vessel  for  Bell-jar  to 
Jloat  in. — (Exp.  30.) — To  be  tilled  with  a  mixture  of  two  volumes 
of  hydrogen  and  one  of  oxygen.  The  gas  can  be  transferred  by 
downward  pressure  of  the  jar  and  opening  the  stopcock  into  a 
bladder  or  collodion  balloon,  which  is  then  exploded  by  contact 
with  flame. 

23.  Stoppered  Cylinder  oti  Foot. — (Exp.  33.) — For  the  pre- 
paration of  ozone,  by  leaving  a  piece  of  freshly-cut  phosphorus  for 
thirty  or  forty  minutes  in  a  shallow  layer  of  water  at  the  base  of 
the  cylinder.  The  phosphorus  should  rise  above  the  water, 
so  as  to  be  partly  in  contact  with  the  air  enclosed  in  the 
C3'linder. 

24.  Lotig  Thistle  Funnel  Tube. — (Exp.  40.) — For  conveying 
sulphuric  acid  to  the  bottom  of  a  glass  of  water,  so  as  to  procure 
the  combustion  of  phosphorus  in  contact  with  potassic  chlorate. 


LIST  OF  ArPAHATUS. 


IT 


Used  also  for  pouring'  liquids  into  non-tubulated  retorts  without 
wetting  the  iiisides  of  the  necks. 

25.  Glass  Tube  and  Silk  Riibher. — (Exp.  4.) — For  producing 
electricity. 

2G.  Large  Tuhulat.ed  Bell-jar. — (Exp.  59.) — The  jar,  being 
closely  stoppered,  is  placed  over  a  capsule,  floating  on  water,  con- 
taining ignited  phosphorus.  When  the  phosphorus  ceases  to  burn 
the  jar  is  depressed,  so  as  to  equalise  the  level  of  the  water  within 
and  without.  The  stopper  being  then  removed,  the  residual  gas 
can  be  tested  and  shown  to  be  nitrogen. 

27.  Tubulated  Aquarium. — (Exp.  51.) — To  be  filled  with  car- 
bonic anhydride  through  the  tubulure  at  bottom  until  the  gas 
overflows.  Soap-bubbles  filled  with  air  will  float  when  they  are 
allowed  to  fall  into  the  glass  vessel. 

28.  Shalloiv  Glass  Dish. — (Exp.  46.) — For  exposing  a  lartre 
surface  of  lime-water  to  the  air  of  tlie  rooiu  wherein  a  lesson  is 
being  given,  to  prove  the  presence  of  carbonic  anhydride  tlinrein.  , 

29.  Series  of  Two-iiecked  Buttles. — For  passing  SM,  through 
various  solutions  of  metallic  compounds  to  produce  sulphides. 
(Exp.  97.)  The  bottles  should  contain  aqueous  solutions  of 
arsenious  anhydride,  cupric.  sulphate,  plumbic  acetate,  tartar- 
emetic,  manganous  chloride,  and  zincic  sulphate. 

30.  A  Tube  with  Stopcock  at  bend,  surrounded  by  Glass  Vensel  to 
contain  Freezimj  Mi.vture.—(ExT^.  100.) — For  the  liquefaction  of 
sulphurous  anhydride  by  a  mixture  of  ice  and  salt. 

31.  Combustion    Tube   containhi'i   Spomjij   Platinum  (Exp. 

105.)— Through  the  heated  tube  is  passed  a  mixture  of  two 
volumes  of  sulphurous  anhydride  and  one  volume  of  oxygen. 
They  combine  to  form  sulphuric  anhydride,  which  produces  dense 
white  fumes  when  it  issues  from  the  tube  into  moist  air. 

32.  Globe  with  Tvm  Platinum  Wires  for  passim/  a  Stream  of 
Electric  Sparks  throuf/h  Air. — (Exp.  63.) — Under  the  stimulus  of 
the  intense  heat  of  the  spark  the  constituents  of  the  air  in  tiie 
globe  combine  to  form  ruddy  fumes  of  nitrous  anhydride  and 
nitric  peroxide,  which  redden  moist  litmus-paper. 

33.  Clock  Glass. — (Exp.  44.) — -To  contain  an  alcoholic  solu- 
tion of  boric  acid,  which,  on  ignition,  burns  with  a  characteristic 
green-edged  flame. 

34.  Tube  for  Ileatinr/  Mercuric  Oxide. — To  show  its  decom- 
position into  mercury  and  oxygen.    (Exp.  10,  26.)— The  mercury 
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condenses  in  the  bend,  the  gas  passing  onwards  to  a  pneumatic 
trough. 

35.  Jet  from  which  to  Burn  Hydrogen. — (Exp.  21,  31.) — To  be 
attached  by  a  flexible  tube  to  a  hydrogen  apparatus  (No.  8),  and, 
tlie  gas  being  lighted,  lowered  into  ajar  of  chlorine  or  oxygen. 

36.  Gasholder.— (Ex^.  29,  105,  107.)— For  storing  "gas  for 
some  time,  or  supplying  it  in  considerable  quantity  when  required 
for  experiment.    May  be  used  also  as  an  aspirator.    (Exp.  107). 

37.  Porcelain  Capsule. — (Exp.  59.") — For  use  with  the  bell-jar 
No.  26  in  the  preparation  of  nitrogen  from  atmospheric  air. 

38.  Platinum  Foil  and  Wire. — (Exp.  88.) — The  foil  serves  to 
show  the  fixedness  or  volatility  of  substances  when  exposed  to  a 
red  heat;  the  wire  is  used  for  preparing  coloured  beads  with 
metallic  oxides  and  fused  borax. 

39.  Two  Deflagrnting  Spoons.— (Ex^.  28, 66,  71.)— For  showing 
the  combustion  of  sulphur,  phosphorus,  sodium,  &c.  in  oxygen  and 
chlorine. 

40.  Pestle  and  Mortar. — For  pulverising  various  substances. 

41.  Broad  Camel-hair  Briish. — (Exp.  37,  38.) — For  brushing  a 
solution  of  hydroxyl  over  discoloured  white  paint,  so  as  to  restore 
its  original  whiteness. 

42.  Iron  Tripod  Stands. — For  supporting  flasks,  &c.  over 
lamps. 

43.  Two  Betort  Stands. — For  a  similar  purpose. 

44.  India-rubher  Tubing,  assorted. — For  making  connections 
between  the  tubes  of  various  pieces  of  apparatus,  as  in  Exp.  54, 
where  Nos.  8,  9,  46,  and  10  are  used.  It  may  be  cut  into  lengths 
of  two  or  three  inches  for  this  purpose. 

45.  Clay  Furnace  for  Burning  Coke,  icifh  Iron  Tube  to  pass 
through. — (Exp.  26,  54,  86.)— For  exposing  a  gas  to  a  red  heat. 

46.  Bloivpipe  Jet, — (Exp.  29.)— Fitted  to  the  gasholder  No. 
36,  a  powerful  blast  of  oxygen  may  be  obtained,  and  used  to  show 
the  burning  of  a  bundle  of  steel  wires,  by  allowing  the  jet  of  gas 
to  blow  through  the  flame  of  a  spirit-lamp. 

47.  Pneumatic  Trough. — For  collecting  gases  insoluble  or  but 
slightly  soluble  in  water. 

48.  Porcelain  Tube  to  pass  through  Furnace. — (Exp.  26.) — For 
use  instead  of  the  iron  tube  in  No.  45  in  cases  where,  as  with 
chlorine,  the  use  of  iron  is  inadmissible.  In  heating  a  mixture  of 
steam  and  chlorine  the  tube  should  be  packed  with  broken  porce- 
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lain  or  pieces  of  pumice,  bo  as  to  afford  as  large  a  surface  ns 
possible. 

49.  Five-cell  Groves  Battmj. — (Exp.  11, 20.)— For  electrolysing 
water,  hydrochloric  acid,  and  ammonia.  The  full  power  is  needed 
for  this  work.  When  used  with  an  induction  coil  the  number  of 
cells  should  be  adapted  to  the  size  of  the  coil. 

60.  Induction  Coil. — (Exp.  63.) — For  effecting  the  direct  com- 
bination of  nitrogen  and  oxygen  by  the  intense  heat  of  the  electric 
spark.  Also  for  decomposing  anmionia-gas  and  marsh-gas  by  the 
same  agency,  A  coil  of  the  size  exhibited  will  work  well  with 
iive  cells  of  the  battery  No.  49. 


This  list  of  apparatus  is  not  to  be  considered  as 
complete.  It  barely  suffices  for  the  performance  of  the 
list  of  experiments  just  given,  and  the  teacher  who  re- 
stricts himself  to  it  will  work  under  difficulties.  Dupli- 
cates of  most  of  the  glass  articles  ought  certainly  to  be 
obtained,  and  also  a  good  stock  of  flasks,  retorts,  re- 
duction bulbs,  tubing,  gas  jars,  and  similar  things  in  con- 
stant use.  Some  pieces  of  apparatus,  as  the  gas  generators 
hereafter  mentioned,  ought  to  be  kept  ready  for  use  at  a 
moment's  notice,  and  a  small  stock  of  some  of  the  gases 
may  be  usefully  kept  in  half- gallon  bottles  fitted  as  gas- 
holders with  two  tubes  (like  a  wash-bottle)  witb  clips  or 
stopcocks. 

"Where  analysis  is  taught,  a  Kipp's  sulphuretted  hydro- 
gen generator  (fig.  46)  should  be  used.  Ferrous  sulphide  in 
small  lumps  is  placed  in  the  central  globe,  and  prevented 
from  falling  into  the  lower  one  by  a  piece  of  sheet  lead 
fitting  loosely  round  the  funnel  tube  («) .  Dilute  sulphuric  or 
hydrochloric  acid  is  poured  into  the  upper  globe  until  it  is 
full  and  the  liquid  also  occupies  one  half  of  the  lower  one. 
This  can  be  regulated  by  the  cock  fitted  at  d.  To  generate 
the  gas,  open  the  cock,  when  the  acid  rises  into  the  middle 
globe  and  acts  on  the  ferrous  sulphide.  To  stop  the  oper- 
ation, close  the  cock,  when  the  pressure  of  the  gas  drives 
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back  the  acid,  and  the  gas  ceases  to  be  generated.  With 
a  little  care,  this  apparatus  works  very  well. 

Another  apparatus  for  this  gas  "may  be  fitted  up  as 
shown  in  fig.  47.  Without  the  wash-bottle  c  and  the  funnel 
in  A,  two  or  three  sets  may  be  kept  for  the  preparation  of 
such  gases  as  hydrogen  and  carbonic  anhydride,  which  are 


Fig.  46. 


always  in  requisition.  To  produce  gas,  A  must  be  higher 
than  B  ;  to  stop  the  action,  B  is  placed  above  A.  Two  pint 
bottles  can  be  thus  fitted  forhalf-a-crown  and  a  little  trouble, 
and  they  are  always  ready  for  use. 

A  third  very  useful  form  of  apparatus  for  similar  pur- 
poses is  shown  in  fig.  43.    The  vessel  holding  the  ferrous 
sulphide  is  called  an  eprouvette,  and  is  sometimes  used,  packed 
with  calcic  chloride,  fur  drying  large  volumes  of  gases. 
Our  list  of  apparatus  would  hardly  be  sufficient  without 
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an  allusion  to  the  usefulness  of  diagi'ams.  A.  list  of  the 
elements  with  theii'  atomic  weights,  classified  according  to 
their  atomicity  (see  Franklarid's  '  Lecture  Notes,'  p.  32) 
should  be  in  every  class-room,  and  other  useful  tables  should 
be  shown  frequently.  These  may  be. purchased,  printed 
upon  paper,  or  the  teacher  may  stencil  them  himself  upon 
calico,  which  is  far  preferable,  the  diagrams  being  more  per- 


Fig.  47. 


manent.  The  cost  of  stencil  plates  is  about  four  shillings 
per  alphabet,  and  of  brushes  only  a  few  pence.  The  brush 
should  be  short  and  stiff,  and  not  too  full  of  ink.  The 
following  is  a  recipe  for  an  aniline  black  ink  which  is 
almost  indelible.  The  gum  tragacanth  is  dissolved  by  heat 
in  the  proportion  of  20  parts  by  weight  to  600  parts  of 
water  : — 

SOLUTION  I. 

Gum  tragacanth  solution       .   ■    .       .26  parts  by  weight 
Hydrochlorate  of  aniline       ...    2-5  „ 
Amnionic  chloride        ....  4- 
Water  45  „ 
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SOLUTION  II, 

Gum  trSgacanth  solution       .       .       ,65  parts  by  weight 

Potassic  chlorate  3  „ 

Cupric  chloride  6  „ 

"Water  26  „ 

These  solations  are  mixed  in  equal  parts  a  few  hours 
before  use,  and  shaken  up  well.  The  diagrams  must  be 
hung  up  to  dry  for  a  day  or  two  as  soon  as  completed,  and 
then  washed  in  the  usual  way.  On  no  account  are  they  to 
be  folded  until  washed,  or  they  will  '  set  off '  unpleasantly. 
If  in  stencilling  a  mistake  is  made,  the  letter  can  be  washed 
out  by  immediate  vigorous  brushing  with  strong  soap  and 
"water,  but  it  is  less  troublesome  to  stitch  over  the  error 
with  a  piece  of  calico  and  stencil  afresh. 

IV.  List  of  Chemical  Appaeatus  for  Special 
Impoetant  Illusteations. 

(A  set  corresponding  with  this  list  is  lent  to  Science  Schools  hy  the 
Deimrtment.  One  is  also  shoion  in  the  South  Kensington 
Museum.) 

1.  Apparatus  to  decompose  steam  by  stream  of  electric  sparks. 

2.  Apparatus  for  gas  analj'sis, 

3.  Apparatus  for  the  determination  of  yapour  densities  by 
Gay-Lussac's  process  and  by  Dumas'  process, 

4.  Apparatus  for  showing  that  hydrogen  and  chlorine  do  not 
contract  in  uniting  to  form  hydrochloric  acid, 

5.  Apparatus  for  the  decomposition  of  ammonia  by  spark 
current,  and  for  the  subsequent  combustion  of  the  liberated 
hydrogen  by  cupric  oxide, 

6.  Apparatus  for  the  decomposition  of  marsh-gas, 

7.  Apparatus  for  showing  that  by  the  combustion  of  carbon 
and  sulphur  in  oxygen  no  alteration  of  volume  takes  place. 

8.  Siemens'  ozone  apparatus. 

9.  Galvanometer. 

10.  Thermopile. 

11.  Daniell's  hygrometer. 
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12.  Eudiometer  to  estimate  oxj'gen  in  air. 

13.  Dift'usion  tube. 

14.  Oxybydrogen  blowpipe  and  gas-bnga. 

15.  Cavendish's  eudiometer. 

16.  Apparatus  to  prepare  acetylene  from  bydfogen  and  carbon. 

17.  Twenty  cells  of  Grove's  battery. 

18.  Apparatus  for  preparing  acetylene  from  coal-gas. 

19.  Model  apparatus  for  coal-gas. 

20.  Apparatus  for  exposing  equal  volumes  of  bydrogen  and 
marsh-gas  to  various  temperatures  and  pressures. 
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PURE  AND  COMMERCIAL  CHEMICALS. 
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Rudicay  Station  in  England. 
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All  the  Apparatus  and  Chemicals  required  to  perform  the  109  Experiments 
recommended  by  Dr.  Frankland. — Science  Directory,  p.  107  (29th  Edition). 


CHEAP  SETS  OF  INDUCTION  APPARATUS. 

No.  1.  A  RhumkorfE  Coil,  Bottle  Buttery,  Exciting  Salt  for  ditto,  Four  Geissler's 
Vacuum  Tubes,  Insulated  Wire,  &c   263. 

No.  2.  Larger  CoU,  Bottle  Battery,  Exciting  Salt,  Six  Geissler's  Vacuum  Tubes, 
showing  fluorescence  of  uranium  glass  and  various  gases,  Insulated  Wires, 
&c  40s. 

No.  3.  Superior  RhumkorfE  Coil  and  Bottle  Battery,  Large  Bottle  Exciting  Salt 
for  ditto.  Five  Double  Geissler's  Vacuum  Tubes,.showing  fluorescence  of 
liquids,  Hand  Tourniquet  for  producing  Gassiot's  Star,  Insulated  Wire, 
&c  £4. 

No.  4.  Very  superior  Ehumkorff  Coil,  Battery  and  Salt  for  ditto,  a  variety  of 
Geissler's  Tubes,  including  some  on  stands.  Hand  Tourniquet,  Cup  for 
exploding  gunpowder,  ether.  Sic  


CHEAP  SETS  OF  GALVANIC  APPARATUS. 

No.  1.  A  Four-ceU  Grove's  Battery,  with  platinums  about  5J  inches  by  2i  inches,  in 
black  wood  tray.  Voltameter  with  graduated  tubes  to  show  decomposition 
of  water  or  neutral  salts,  Electro  Magnet,  fine  Platinum  and  Iron  Wires 
for  deflagi-ation.  Insulated  Conducting  Wires,  &c.  .  .  .  £2.103. 
If  supplied  with  Buusen's,  instead  of  Grove's,  cells     .      .      .   £1.  15s. 

No.  2.  A  Ten-cell  Grove's  Battery,  Voltameter  on  polished  stand  with  graduated 
tubes  to  show  decompositions,  Powerful  Electro-magnet,  Brass  Hackwork, 
Carbon  holder,  and  Pair  Carbon  Points  for  showing  electric  light.  Fine 
Wires  for  deflagration,  Insulated  Conducting  Wires,  &c.    .      .   £,G.  lOs. 

If  with  Buusen's,  instead  of  Grove's,  cells    ■  £4.  Ss. 

This  set  is  sufficient  to  illustrate  all  the  principal  phenomena  of  cnrrent  electricity 
in  a  Lecture-room. 
Orders  must  be  accompanied  by  a  remittance  or  reference. 


M.  JACKSON, 


MANUFACTURER  AND  IMPORTER 


OP  EVERY  DESCUirTION  OF 


SCIEITIPIC  APPAEATTJS 


AND 


CHEMICALS, 

The  Complete  Set  of  Apparatus  and  Chemicals,  for  per-    £     s.  d. 
forming  the  109  Experiments,  recommended  by  Dv. 
Fhankiand  in  the  '  Science  Directory,'  packed  in 
Box,  price  10    10  0 

The  same  Set,  with  the  addition  of  several  larger  pieces  of 

Appai^atus,  price       ,  15150 

Analytical  Set  for  each  Student,  in  Box    .       ,       .       .10  0 

Ditto  according  to  the  List  of  the  Science  and  Art  De- 
partment .       ,       ••       .       .       .1       .  .200 

Set  of  Eeagents,  in  White  Glass  Stoppered  Bottles,  as  used 

in  the  Chemical  Laboratory,  South  Kensington  .  .110 

Printed  Lists  of  the  above  Sets  and  Illustrated  Catalogue  of  Scientific 
Apparatus  will  be  forwarded  on  application. 

Maker  of  all  the  Apparatus  detailed  in  the  Science  and  Art  Department 
List,  for  performing  the  Experiments  in  Acoustics,  Light,  Heat,  Pneu- 
matics, Magnetism,  and  Electricity, 
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CHEAP  CHEMICAL  APPARATUS. 

SECOND  EDITION  OF  GEIFFIN'S  CATALOGUE,  entirely  revised, 
and  shortly  to  be  published  at  greatly  reduced  prices,^  being  the 
largest,  most  complete,  aqd  cheapest  List  of  Apparatus  ever  placed 
before  the  Public.  .  ' 


CHEMICAL  HANDICRAFT,'  a  Classified  and  Descriptive 
Catalogue  of  Chemical  Apparatus,  with  copious  Explanatory  Notes. 
By  John  J.  Geiffin,  F.C.S.  In  demy  8vo.  472  pages,  illustrated 
by  1,60.0  Woodcuts,  price  4s.  bound  in  cloth.    Postage  7d. 

CHEAP  SCIENTIFIC  APPARATUS  FOR  SCHOOLS. 

Price  Sixpence,  post  free,  Third  Edition  preparing  for  publication. 
DESCRIPTIVE  CATALOGUE  OF  AN  ORGANISED  SET  OF 
SCIENTIFIC  APPARATUS  for  the  use  of  Elementary  Schools, 
including  a  considerable  number  of  entirely  New  Instruments  for  the 
illustration  of  Mechanics,  Hydrostatics,  Pneumatics,  Optics,  Heat, 
Magnetism,  Electricity,  Galvanism,  Meteorology,  Chemistry,  Mine- 
ralogy, Geology,  and  Physical  Geography,  with  the  prices  at  which 
they  are  offered  to  Schoolmasters  and  the  Managers  of  Scliools. 


TEMPORARY  CHEMICAL  CATALOGUE,  quoting  Reduced  Prices, 
now  ready,  price  6d. 
SCIENTIFIC  APPARATUS  FOR  SCHOOLS,  Temporary  List 
now  ready,  price  4d. 


GRIFFIN'S   GAS  FURNACES. 

FOB  CHUCIBLE  OPERATIONS  at  a  white  heat,  as  much  as 
5  lb.  of  cast  iron  can  be  melted  at  a  fusion.  Consumption  of  gas 
only  33  cubic  feet  per  hour.    Price  60s. 

FOR  MUFFLE  OPERATIONS,  such  as  cupellation,  burning 
bodies  to  obtain  their  ash,  enamelling,  &c.  Size  of  Muffle  8  by  4. 
Price  75s. 

MUTIATUBE  GAS  FXTRBTACB.  —  Gas  Crucible  Furnaces, 
similar  to  the  above,  but  of  small  size,  suitable  for  the  fusion  of  half- 
a-pound  of  copper,  gold,  or  cast-iron,  cost  21s.  each,  and  require  less 
than  half  the  quantity  of  gas.  They  are  particularly  useful  to  Dentists 
and  others  having  only  small  quantities  to  operate  upon.  Muffles 
5  by  3  inches.    Prospectuses  on  application.    Price  21s. 

MTTFFLE  FTTRNACES,  with  Muffles,  size  5  by  3.  Price 
about  30s. 

Chemical  Apparatus  of  every  description  for  Analytical  Operations  or 
for  Experiments  of  Demonstration. 

COLLECTIONS    OF  APPARATUS    SUITABLE    FOR   MEDICAL  STUDENTS,  AS 
USED   IN  THE   LONDON  LABORATORIES. 


JOHN  J.  GRIFFIN  &  SONS, 

22    GABRICK   STREET,  W.C. 


BECKER  AND  SONS' 

ANALYTICAL,  ASSAY,  -BULLION,  & 
SCIENTIFIC  BALANCES 

AND 

WEio-nTS  o:f  'ipiaECisioisr. 

SOLE  ENGLISH  AGENTS:  — 

ALABASTER   &  COMPANY, 

Importers  and   Exporters  of  Scientific  Apparatus  and  Bool(S, 
57  LUDGATE  HILL,  LONDON,  E.G.  ' 

TOWNSON  &  MEECEB 

(Late  JACKSON  &  TOWNSON) 
WHOLESALE  AND  EXPORT 

Jeakrs  in  Cljeiuixal    Srienfific  S^pprafus 

Makers  of  Apparatus,  &c.,  for  the  Laboratories  of  Her  Majesty's' 
Honorable  Boards  of  Inland  Eevenue  and  Customs,  Eoyal  Mint,  Eoyal 
Arsenal,  Eoyal  Military  Academy,  Department  Artillery  Studies,  Eoyal 
Naval  College,  Eoyal  College  Chemistry,  Eoyal  Science  College,  Dublin  ; 
Council  of  Education,  South  Kensington,  &c.  &c. 

Manufacturers  and  Importers  of  pure  Chemicals,  Graduated  Instru- 
ments, &c.,  for  Analysis  and  the  general  Laboratory,  use  of  Manu- 
facturers, Mines,  Universities,  Colleges,  &c. 

89  BISHOPS&ATE  STREET  WITHIIT,  lOOOI. 

Illustrated  Catalogues,  post  free,  Sd.   Cash  Discount,  10  per  cent.,  allowed  to 
Professors  and  Science  Teachers  from  the  General  Lists. 


JAMES  WOOLLEY,  SONS,  &  CO., 

69  MAEKET  STREET,  MANCHESTER, 

gcaltrs  ill  Cljcniital  |.pitrnf.us  &  licngcnts. 

LAJBOEATOEIES  SCPPLIED  'WITH 

BALANCES,  ASSAY  &  VOLUMETRIC  APPARATUS, 

PUEE  CHEMICALS,  TEST  SOLUTIONS, 
BOTTLES,  LABELS,  AND   EVEET  EE  QUIRE  MENT. 

Price  Lists  forwarded  on  application. 

J.  W.,  S.,  &  Co.  are  authorised  by  the  Science  and  Art  Department 
to  shpply  Apparatus;  towards  the  purchase  of  which  aid  is  granted  by 
the  Department. 


MAWSON  &  SWAN, 

NEWGASTLE-ON-TYFE, 

MANUFACTURERS  AND  IMPORTERS  OF 

Cliemical  Apparatus,  PMlosopMcal  Instruments, 

AND 

Appliances  fob  Eeseaech  in  evert  Branch  of 
Physical  Science, 

'Supply  complete  Sets  of  Apparatus  and  Chemicals  as  recommended  in 
the  various  Text-books  of  Chemistry,  Analytical  and  Experimental,  as 
jequired  in  connection  with  the  Oxford,  Cambridge,  and  South  Ken- 
sington Examinations. 

Ma-wson  and  Swan  are  also  prepared  to  supply  a  set  of  Apparatus 
and  the  Chemicals  for  the  Illustration  of  Professor  Fbankland's  '  How 
to  teach  Chemistry.' 

Prices  and  particulars  on  application. 


